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ABSTRACT
To d e te rm in e  i f  an in c rea sed  p r o b a b i l i t y  o f  a t t e n d in g  t o  
r e l e v a n t  cues would r e s u l t  in  f a s t e r  l e a r n in g  and f a s t e r  r e v e r s a l  
o f  a d i s c r i m i n a t i o n ,  r a t s  were t r a i n e d  t o  approach o r  a v o id  sound,  
l i g h t ,  o r  a c o m b in a t io n  o f  sound and l i g h t  s t i m u l i .
In t h e  f i r s t  e x p e r im e n t ,  r a t s  were t r a i n e d  w i t h  a l i g h t  on 
a goal  box d o o r ,  a sound sou rce  above th e  d o o r ,  o r  bo th  cues 
a s s o c ia t e d  w i t h  t h e  same d o o r ;  the  cues were on th e  rewarded goal  
box door  f o r  h a l f  t h e  a n im a ls  and on th e  unrewarded goa l  box 
door  f o r  t h e  o t h e r  h a l f .  The sound o n l y  group f a i l e d  t o  l e a rn  t h e  
t a s k .  No d i f f e r e n c e s  r e s u l t e d  f rom  t h e  presence o f  one o r  two 
cues d u r i n g  t r a i n i n g  o r  r e v e r s a I . The p o s i t i v e  cues were learned 
more r a p i d l y  in  t r a i n i n g  th a n  t h e  n e g a t i v e  cues.
The second e x p e r im e n t  was t h e  same as t h e  f i r s t ,  e x c e p t  t h e  
sound sou rce  was lo c a te d  on t h e  door in s te a d  o f  above i t .  S_s 
lea rned  t o  approach t h e  sound a lo n e ,  b u t  no t  t o  a v o id  i t .  Groups 
t r a i n e d  w i t h  l i g h t  and sound learned  t h e  t r a i n i n g  t a s k  and t h e  
r e v e r s a l  more r a p i d l y  than  g roups  t r a i n e d  w i t h  l i g h t  a lo n e .
An im a ls  lea rned  t o  approach p o s i t i v e  cues more r a p i d l y  th a n  t h e  
n e g a t i v e  cues.
A t h i r d  e x p e r im e n t  was run t o  t e s t  t h e  p o s s i b i l i t y  t h a t  t h e  
r e s u l t s  o f  t h e  second e x p e r im e n t  may have been due t o  bo th  cues 
be ing  on t h e  same s i d e .  D i f f e r e n t  groups o f  r a t s  were t r a i n e d  
t o  approach l i g h t  and sound;  t o  av o id  l i g h t  and sound; t o  approach 
l i g h t  and av o id  sound; o r  t o  a v o id  l i g h t  and approach sound.
A l l  S_s were run in  a cue r e v e r s a l  t a s k  upon reac h ing  c r i t e r i o n .  
P o s i t i v e  cues were lea rned  f a s t e r  than  n e g a t i v e  ones.  L i g h t  and 
sound were e q u a l l y  e f f e c t i v e  as p o s i t i v e  cues. Two p o s i t i v e  cues 
were more e f f e c t i v e  than  one p o s i t i v e  cue in  o r i g i n a l  l e a r n i n g .
The r e s u l t s  o f  th e s e  s t u d i e s  i n d i c a t e  t h a t  t h e  p r o b a b i l i t y  
o f  a t t e n d i n g  t o  r e l e v a n t  cues ,  m an ip u la ted  by t h e  number o f  
cues a v a i l a b l e ,  i s  a f a c t o r  in  d i s c r i m i n a t i o n  le a r n in g  and r e v e r s a l  
t h e  more r e l e v a n t  cues a v a i l a b l e  in  a d i s c r i m i n a t i o n  t a s k ,  t h e  
f a s t e r  l e a r n in g  o r  r e v e r s a l  o c c u r s .  A l s o ,  S_s in  a n o n - a v e r s i v e  
d i s c r i m i n a t i o n  s i t u a t i o n  lea rned  t o  approach t h e  c o r r e c t  cue 
r a t h e r  th a n  a v o id  t h e  i n c o r r e c t  cue, t h e  approach response was more 
d i f f i c u l t  t o  e x t i n g u i s h  th a n  t h e  avo idance  response .  These 
r e s u l t s  were i n t e r p r e t e d  as c o n s i s t e n t  w i t h  a two s tage  model 
o f  d i s c r i m i n a t i o n  l e a r n in g  i n v o l v i n g  bo th  le a r n in g  t h e  c o r r e c t  cue 
and th e n  th e  c o r r e c t  c h o i c e ,  and i n c o n s i s t e n t  w i t h  t h e  n o t i o n  t h a t  
d i s c r i m i n a t i o n  le a r n in g  p r i m a r i l y  i n v o lv e s  le a r n in g  as avo idance  
response t o  t h e  n e g a t i v e  cues.
ONE VERSUS TWO CUES AND POSITIVE VERSUS NEGATIVE 
CUES IN LEARNING AND REVERSAL
INTRODUCTION
D i s c r i m i n a t i o n  le a r n in g  h i s t o r i c a l l y  has been e x p la in e d  in 
a p a rs im o n io u s  f a s h io n  w i t h  a one s tage  approach ( c f . ,  P a v lo v ,
1926) .  By t h i s  model ,  reward in c re a s e s  h a b i t  s t r e n g t h  f o r  
a pp ro ach in g  t h e  c o r r e c t  s t im u lu s  and nonreward causes an in c re a s e  
in  i n h i b i t i o n  f o r  app ro ach in g  t h e  i n c o r r e c t  s t i m u l u s .  An 
a l t e r n a t i v e  i s  a two s ta g e  approach which d e s c r i b e s  d i s c r i m i n a t i o n  
l e a r n in g  as th e  a c q u i s i t i o n  o f  two lea rned  responses :  f i r s t  t h e
o rgan ism  le a rn s  t o  a t t e n d  t o  t h e  r e l e v a n t  s t im u lu s  d im en s ion ;  
second th e  o rgan ism  le a rn s  t o  respond t o  t h e  c o r r e c t  s t i m u l u s .
One Stage Mode Is o f  Pi s c r i m i n a t i o n  Learn i nq
The f i r s t  m a jo r  a t t a c k  on t h e  one s tage  model was by 
Krechevsky (1 9 3 2 ) ,  who pe r fo rmed t h r e e  e x p e r im e n ts  wh ich demon­
s t r a t e d  t h a t  r a t s  responded s y s t e m a t i c a l l y  even b e fo r e  a 
d i s c r i m i n a t i o n  was lea rned  and conc luded  t h a t  lea rneng  in v o lv e d  
" c h a n g in g  f rom one s y s t e m a t i c ,  g e n e r a l i z e d ,  p u r p o s iv e  way o f  
behav ing  t o  a n o th e r  and a n o t h e r  u n t i l  t h e  p rob lem is  s o l v e d . "
Spence (1936) p o in t e d  o u t  t h a t  w h i l e  K rec he v s k y ’ s da ta  d i d  no t  f i t  
w i t h  a d e s c r i p t i o n  o f  p u r e l y  random respond ing  d u r i n g  e a r l y  l e a r n i n g ,  
t h e y  d id  no t  r e f u t e  a c o n c e p t i o n  o f  t r i a l  and e r r o r  r e s p o n d in g ;  
t h e  responses were n o t  random b u t  l i m i t e d  t o  t h o s e  t h a t  t h e  animal 
had lea rned  th ro u g h  p r e v io u s  e x p e r i e n c e  were r e l e v a n t  t o  th e  
s i t u a t i o n .  Spence d e s c r ib e d  d i s c r i m i n a t i o n  l e a r n i n g  as t h e  r e l a t i v e
I
s t r e n g t h e n i n g  o f  e x c i t a t o r y  components o f  t h e  s t im u lu s  e n v i ro n m e n t
2
o v e r  o t h e r  components u n t i l  i t  ga ined  t h e  s t r e n g t h  necessary  t o  
d e te rm in e  t h e  response ;  t h e  r e l e v a n t  components were a lways  rewarded 
w h i l e  i r r e l e v a n t  components were somet imes rewarded and sometimes 
f r u s t r a t e d .  He h y p o th e s iz e d  t h a t  r e in f o r c e m e n t  s t r e n g th e n e d  a 
s t im u Iu s - r e s p o n s e  c o n n e c t i o n ,  t h e  e x c i t a t o r y  tendency  f o r  a 
s t i m u l u s  t o  a rouse  a response ,  and t h a t  f r u s t r a t i o n  o r  i n h i b i t i o n  
f rom  a nonrewarded t r i a l  caused a weakening o f  response s t r e n g t h s ;  
t h e  e x c i t a t o r y  s t r e n g t h  be ing  de te rm ined  by t h e  sum o f  t h e  
e x c i t a t o r y  t e n d e n c ie s  o f  t h e  component s t i m u l i  and t h e  response 
de te rm ined  by t h e  s t im u lu s  complex w i t h  th e  h i g h e s t  s t r e n g t h .
Spence 's  one s ta g e  model o f  d i s c r i m i n a t i o n  le a r n in g  p r e d i c t s  
t h a t  a n im a ls  t r a i n e d  on a d i s c r i m i n a t i o n  t o  a c r i t e r i o n  and then  
o v e r t r a i n e d  f o r  some number o f  t r i a l s  p a s t  c r i t e r i o n  l e a rn  t h e  
r e v e r s e  o f  t h a t  d i s c r i m i n a t i o n  more s l o w l y  than  an im a ls  t r a i n e d  
o n l y  t o  c r i t e r i o n ,  as t h e  response s t r e n g t h  t o  th e  c o r r e c t  
s t i m u l u s  complex i s  in c re a s e d  d u r i n g  o v e r t r a i n i n g  t o  a le v e l  wh ich 
causes inc rea sed  r e s i s t a n c e  t o  e x t i n c t i o n  o f  t h e  o v e r t r a i n e d  
response as compared t o  t h e  c r i t e r i o n  t r a i n e d  group w i t h  lower  
response s t r e n g t h s  and less  r e s i s t a n c e  t o  e x t i n c t i o n .  Reid (1953) 
found t h a t  o v e r t r a i n e d  a n im a ls  on a b r i g h t n e s s  d i s c r i m i n a t i o n  
lea rned  t h e  r e v e r s a l  p rob lem more q u i c k l y  th a n  c r i t e r i o n - t r a i n e d  
a n im a ls .  T h i s  f i n d i n g  was c l e a r l y  in  o p p o s i t i o n  t o  th e  Spence 
v iewpo i  n t .
The Spence model assumes t h a t  t h e  o rgan ism  bases i t s  response 
on t h e  summed s t r e n g t h s  o f  a l l  s t i m u l i  im p in g in g  upon t h a t  o rg a n is m '  
senso ry  sys tem,  w h i l e  t h e  Krechevsky p o s i t i o n  assumes t h a t  t h e
4o rgan ism  a t t e n d s  t o  o n l y  a f r a c t i o n  o f  th e  t o t a l  s t im u lu s  e nv i ro nm en t  
a t  one t im e  as i t  uses d i f f e r e n t  "h y p o th e s e s "  c o n c e rn in g  wh ich 
i s  t h e  r e l e v a n t  s t im u lu s  d im ens ion  t o  d e te rm in e  i t s  response .
In t h e  Spence model ,  t h e  in c re a s e  o f  response s t r e n g t h  o v e r  
t r i a l s  sh o u ld  produce a r e l a t i v e l y  smooth,  g r a d u a l ,  c o n t in u o u s  
l e a r n i n g  c u rv e  f rom  chance per fo rm ance  t o  c r i t e r i o n ;  t h e  Krechevsky 
d e s c r i p t i o n  leads t o  a l e a r n in g  c u rv e  wh ich remains a t  chance 
as t h e  o rgan ism  uses d i f f e r e n t  i r r e l e v a n t  hypo theses  and r i s e s  
s udden ly  t o  c r i t e r i o n  in  a n o n -c o n t in u o u s  f a s h io n  as t h e  c o r r e c t  
h y p o th e s i s  i s  used.
Spence was c a r e f u l  t o  p o i n t  o u t  t h a t  t h e  presence o f  a 
s t i m u l u s  d id  n o t  gua ra n te e  i t s  be ing  used by an a n im a l ;  a s t im u lu s  
had t o  be c l e a r  t o  the  animal f o r  i t  t o  have a r o l e  in  l e a r n in g  
(Spence,  1936) .  In a l a t e r  paper  Spence (1950)  emphasized t h e  
s i m i l a r i t y  o f  h i s  approach t o  K rec he v s k y ’ s by s t a t i n g  t h a t  o rgan ism s 
,do n o t  n e c e s s a r i l y  r e c e i v e  a l l  s t i m u l i  t h a t  a re  p h y s i c a l l y  p r e s e n t ,  
t h a t  p r i o r  e x p e r i e n c e  may e f f e c t  r e c e p t o r  a d ju s tm e n t  o r  d i f f e r e n t i a l  
r e c e p t i v i t y  t o  d i f f e r e n t  s t i m u l i ;  he s t a t e d  t h a t  e a r l y  s tages  o f  
l e a r n i n g  may c o n s i s t  o f  a c t i v e ,  t r i a l  and e r r o r  l e a r n in g  o f  t h e  
a p p r o p r i a t e  r e c e p t o r  exposure  a d ju s tm e n ts  t h a t  r e s u l t s  in  r e c e p t i o n  
o f  t h e  r e l e v a n t  cues in  a f a s h io n  s i m i l a r  t o  K re c h e v s k y ’ s 
h y p o th e s i s  » Wyckof f  (1952) expanded t h i s  n o t i o n  o f  Spence’ s and 
proposed a model f o r  d i s c r i m i n a t i o n  l e a r n in g  in  wh ich t h e  r e l e v a n t  
s t i m u l i  became secondary  r e i n f o r c e r s  in  t h e  le a r n in g  o f  an 
o b s e r v i n g  response .
S ince  R e id ’ s (1953) f i n d i n g  t h a t  o v e r t r a i n i n g ' hastened r e v e r s a l
l e a r n i n g ,  t h e  o v e r t r a i n i n g  r e v e r s a l  e f f e c t  (ORE), has been one 
f o c a l  p o i n t  in  t e s t i n g  models o f  d i s c r i m i n a t i o n  l a a r n i n g .  Reid 
sugges ted  t h a t  r a t s  l e a rn  a " response  o f  d i s c r i m i n a t i n g , "  o r  a 
response t o  t h e  s e t  o f  s t i m u l i  i n c l u d i n g  t h e  p o s i t i v e  s t i m u l u s .  
O v e r t r a i n i n g  would  r e s u l t  i n  t h e  s t r e n g t h e n i n g  o f  t h i s  response .
In a com mun ica t ion  t o  R e id ,  Spence (R e id ,  1953) o f f e r e d  an a l t e r ­
n a t i v e  e x p l a n a t i o n :  a t  c r i t e r i o n ,  r a t s  may s t i l l  have p o s i t i o n
response h a b i t s  o f  d i f f e r e n t i a l  s t r e n g t h s  r e s u l t i n g  in  a s t r o n g  
p o s i t i o n  h a b i t  d u r i n g  r e v e r s a l  wh ich would i n t e r f e r e  w i t h  a c q u i s i t i o n  
o f  t h e  d i s c r i m i n a t i o n .  O v e r t r a i n i n g  would have t h e  e f f e c t  o f  
e q u a l i z i n g  p o s i t i o n  response s t r e n g t h s  and e l i m i n a t e  p o s i t i o n  
h a b i t s  d u r i n g  a c q u i s i t i o n  o f  t h e  r e v e r s a l .
Two Stage Mode Is o f  Pi s c r im i  n a t i o n  Learn i nq
A t  t h i s  p o i n t  t h e  Spence-Wyckoff  model ,  w i t h  R e id ’ s 
i n t e r p r e t a t i o n  o f  t h e  ORE, i s  s i m i l a r  t o  th e  p o s i t i o n  taken  by 
t h e  two s tage  t h e o r i s t s .  Zeaman and House (1963)  p resen ted  a one 
look  model in  wh ich t h e  s u b j e c t s  le a rn  t o  look  a t  t h e  r e l e v a n t  
d im ens ion  and approach t h e  c o r r e c t  cue in  t h a t  d im en s ion .  L o v e jo y ’ s 
Model I I I  (.1968) i n v o l v e s  p r o b a b i l i t i e s  o f  a t t e n d i n g  t o  v a r i o u s  
s t i m u l u s  d im ens ions  and th e  p r o b a b i l i t y  o f  making a c o r r e c t  
response g i v e n  a t t e n d i n g  t o  t h e  r e l e v a n t  d im en s ion l  S u th e r l a n d  
and M ack in tosh  (1971)  deve loped  a model in  wh ich  each s t i m l l u s  
d im ens ion  i s  p rocessed  by an a n a l y z e r  and each a n a l y z e r  has a 
response s t r e n g t h  wh ich d e te rm in e s  t h e  l i k e l i h o o d  o f  i t s  be ing  used 
on any t r i a l ;  l e a r n i n g  i s  a f u n c t i o n  o f  u t i l i z i n g  t h e  a n a l y z e r  o f  
t h e  c o r r e c t  d im ens ion  and then  a c c u m u la t in g  response s t r e n g t h  t o
t h e  s t i m u l i  w i t h i n  t h e  d im e n s ion .  The models d i f f e r  in  t h e  
ac cu racy  w i t h  wh ich each model reproduces  t h e  d e t a i l s  o f  
d i s c r i m i n a t i o n  l e a r n i n g .  The Zeaman and House model ,  t h e  f i r s t  
s e r i o u s  s i m u l a t i o n  o f  a two s tage  mode l ,  cann o t  p r e d i c t  p o s i t i o n  
h a b i t s ,  w h i l e  t h e  Love joy  and S u th e r la n d  and M ack in tosh  models 
produce e r r o r  p a t t e r n s  n o t  c o n s i s t e n t  w i t h  t h o s e  o f  re a l  r a t s .
The O v e r t r a  i n i nq ReversaI  E f f e c t  (ORE)
M ack in tosh  (1965,  1969) ,  Paul ( 1 9 6 5 ) ,  and Love joy  (1966) have 
documented t h e  " e l u s i v e  n a tu r e  o f  th e  ORE." in g e n e r a l ,  t h e  ORE 
has tended  t o  o c c u r  more o f t e n  than  n o t  in  d i f f i c u l t  v i s u a l  
d i s c r i m i n a t i o n  r e v e r s a l s ,  w h i l e  w i t h  easy s p a t i a l  d i s c r i m i n a t i o n s  
a p reponderance  o f  s t u d i e s  have f a i l e d  t o  f i n d  i t .  Th e io s  and 
B r e l s f o r d  (1964) found decreased r e s i s t a n c e  t o  e x t i n c t i o n  a f t e r  
o v e r t r a i n i n g  in  a runway s i t u a t i o n ,  w h i l e  Th e io s  and B lo s s e r  (1965) 
found an ORE w i t h  la rg e  reward ,  b u t  r e ta rd e d  r e v e r s a l  w i t h  smal l  
reward and e x p la i n e d  t h e  ORE in  te rm s  o f  a change o f  r a t e  o f  
e x t i n c t i o n  dependent  on reward s i z e  and o v e r t r a i n i n g .  Da ly  (1972) 
accoun ted  f o r  t h e  v a r i e d  success in  o b t a i ’n ing  t h e  ORE in  te rms o f  
t h e  s t r i n g e n c y  o f  t h e  c r i t e r i o n  used. M ack in tosh  (1965) argued 
t h a t  pe r fo rm ance  on a r e v e r s a l  t a s k  was r e l a t e d  t o  t h e  re le v a n c e  
o f  t r a i n i n g  r a t n e r  than  t h e  amount o f  t r a i n i n g ;  o v e r t r a i n i n g  had 
t h e  e f f e c t  o f  s t r e n g t h e n i n g  t h e  an im a ls  a t t e n d i n g  response t o  t h e  
r e l e v a n t  cue d im ens ion  and i n c r e a s in g  t h e  a n i m a l s ’ p r o b a b i l i t y  o f  
a t t e n d i n g  t o  t h e  r e l e v a n t  cue d im ens ion  d u r in g  r e v e r s a l .  C r i t e r i o n  
t r a i n i n g  d id  n o t  y i e l d  an in c re a s e  in  a t t e n d i n g  s t r e n g t h  so in  
r e v e r s a l  c r i t e r i o n  t r a i n e d  a n im a ls  would cease a t t e n d in g  t o  t h e  
r e l e v a n t  d im e n s io n ,  a t t e n d  t o  i r r e l e v a n t  d im e n s io n s ,  and t a k e  lo nge r
7t o  l e a rn  t h e  r e v e r s a l .  Because t h e  a t t e n d in g  response o c c u rs  
a t  a p o i n t  removed in  t im e  and space f rom t h e  d e l i v e r y  o f  t h e  
reward t h e  r a t e  o f  l e a r n in g  o f  t h e  a t t e n d in g  response would be 
s lo w e r  than  t h e  le a r n in g  o f  t h e  c h o i c e  response .  L o v e jo y ’ s 
Model I I  (1966)  and Model I I I  (1968) deal w i t h  t h e  ORE in  t h i s  
f a s h i o n .  M ack in tosh  (1969) no ted t h a t  t h i s  i n t e r p r e t a t i o n  o f  t h e  
ORE c o u ld  use e i t h e r  a r e c e p t o r  o r i e n t i n g  /  o b s e rv in g  response 
o r  an i n t e r n a l  p e rc e p tu a l  p ro c e s s in g  response t o  accou n t  f o r  
t h e  phenomena i n v o l v e d .
M ack in tosh  (1964) o b t a in e d  e v idenc e  t h a t  a t t e n d i n g  r a t h e r  
than  s im p l y  an o r i e n t i n g  response i s  im p o r ta n t  in  d i s c r i m i n a t i o n  
l e a r n i n g .  He t r a i n e d  r a t s  t o  d i s c r i m i n a t e  between square  and 
diamond shapes t h a t  were bo th  w h i t e  on h a l f  t h e  t r i a l s ,  and both  
b l a c k  on t h e  o t h e r  h a l f ;  in  t h i s  manner t h e  r a t s  "saw"  t h e  b la c k  
and w h i t e  d imens ion  as t h e y  observed  th e  shapes.  C r i t e r i o n  
t r a i n e d  and o v e r t r a i n e d  g roups  were then  t r a n s f e r r e d  t o  a 
b r i g h t n e s s  d i s c r i m i n a t i o n .  I f  t h e  le a r n in g  o f  a r e c e p t o r  o r i e n t i n g  
response was s u f f i c i e n t ,  t h e  o v e r t r a i n e d  group s hou ld  have learned 
t h e  new d i s c r i m i n a t i o n  f a s t e r .  S ince  t h e  o v e r t r a i n e d  group 
le a rned  s lo w e r ,  M ack in tosh  argued t h a t  o v e r t r a i n i n g  inc reased  th e  
p r o b a b i l i t y  o f  a t t e n d i n g  t o  t h e  o r i g i n a l  r e l e v a n t  d imens ion  and 
made t h e  animal less  l i k e l y  t o  a t t e n d  an i r r e l e v a n t  d im e n s io n ,
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A n o th e r  q u e s t i o n  conce rns  t h e  responses le a rned  in  a 
d i s c r i m i n a t i o n  t a s k .  Do t h e  anima.ls le a rn  p r im a r i  ly  t o  approach 
th e  rewarded ( p o s i t i v e )  s t i m u l u s ,  o r  do th e y  learn- p r i m a r i l y  t o
a v o id  t h e  unrewarded ( n e g a t i v e )  s t i m u l u s .  D’ Amato and Jagoda 
(1960 ,  1961, 1962) sugges ted  t h a t  t h e  ORE r e s u l t e d  f rom  a la c k  
o f  unrewarded responses t o  t h e  n e g a t i v e  s t im u lu s  (S - )  d u r i n g  
o v e r t r a i n i n g  t h a t  r e s u l t e d  in  a loss  o f  n e g a t i v i t y  o f  t h e  o l d  S - .
They d e s c r ib e d  t h e  p r i n c i p l e  t a s k  in d i s c r i m i n a t i o n  l e a r n i n g  as 
l e a r n i n g  t o  a v o id  t h e  S- and t h e  d i f f i c u l t y  o f  r e v e r s a l  l e a r n in g  
as e x t i n c t i o n  o f  t h e  avo idance  response t o  t h e  o l d  S - . I f  
t h e  S— loses i t s  avo idance  c h a r a c t e r i s t i c  d u r in g  o v e r t r a i n i n g ,  
o v e r t r a i n e d  s u b j e c t s  would e x t i n g u i s h  t h e i r  avo idance  response 
t o  t h e  o l d  S- in  a r e v e r s a l  more q u i c k l y  th a n  c r i t e r i o n  t r a i n e d  
s u b j e c t s .  M ack in tosh  (1963 ,  1965, 1969) p o in t e d  o u t  t h a t  o v e r t r a i n e d  
a n im a ls  commit  more i n i t i a l  e r r o r s  a t  t h e  o u t s e t  o f  r e v e r s a l  
wh ich  wou ld  no t  be expec ted  i f  t h e  avo idance  t o  S- was what was 
le a rn e d ,  s i n c e  by D’ Amato and Jagoda ’ s s u g g e s t i o n ,  t h e  o v e r t r a i n e d  
S- becomes less  n e g a t i v e .  However, t h e  M ack in tosh  f i n d i n g s  
c o u ld  be i n t e r p r e t e d  as i n v o l v i n g  e x t i n c t i o n  o f  t h e  approach 
response t o  t h e  o l d  S+ and say n o th in g  abou t  t h e  e x t i n c t i o n  o f  
t h e  avo idance  tendency  t o  t h e  o l d  S - .  In o t h e r  words ,  d u r i n g  
o v e r t r a i n i n g  t h e  S- loses i t s  n e g a t i v i t y  and an approach response 
t o  t h e  p o s i t i v e  s t i m u l u s  CS+) may g a in  c o n t r o l  o v e r  t h e  o r g a n is m ’ s 
responses .  I n i t i a l  approach t o  t h e  o l d  S+ m ig h t  be s t r o n g  
r e s u l t i n g  in  a l e n g th y  run o f  p e r s e v e r a t i v e  e r r o r s ;  b u t  e x t i n c t i o n  
o f  t h i s  approach response leaves  t h e  an imal w i t h  o n l y  a s l i g h t  
a vo idan ce  response t o  be e x t i n g u i s h e d  t o  t h e  o l d  S- (new S+) 
r e s u l t i n g  in  le ss  c o n f l i c t  and q u i c k e r  approach t o  t h e  now 
p o s i t i v e  s t i m u l u s .  T h i s  a rgument  assumes t h a t  e x t i n c t i o n  o f
9t h e  approach response t o  a s t r o n g  p o s i t i v e  cue o c c u rs  f a s t e r  
than  e x t i n c t i o n  o f  avo idance  t o  a s t r o n g l y  n e g a t i v e  one.
Biederman (1967,  1970, 1972) t r a i n e d  r a t s  on two d i s c r i m i n a t i o n s .  
The an im a ls  were t r a i n e d  more on one t a s k  th a n  t h e  o t h e r .  When 
t h e  two S - ’ s were p res en ted  t o g e t h e r  t h e  a n im a ls  chose t h e  more 
t r a i n e d  S - .  T h i s  s u p p o r t s  t h e  h y p o th e s is  t h a t  t h e  S- produces 
s t r o n g e r  avo idan ce  t e n d e n c ie s  in  e a r l i e r  l e a r n i n g .  Mand ler  (1968) 
p r o v id e s  e v idenc e  f o r  t h e  s t r o n g e r  approach tendency  produced by 
t h e S + a f t e r  o v e r t r a i  ni  ng. She gave o v e r t r a i n e d  and c r i t e r i o n  
t r a i n e d  groups r e v e r s a l  t a s k s  o r  t r a n s f e r  t a s k s  i n v o l v i n g  a new 
S+, a new S - ,  o r  bo th  cues new. D i s r u p t i o n  was g r e a t e r  f o r  t h e  
o v e r t r a i n e d  g roups  when t h e  S+ was changed, and g r e a t e r  f o r  
c r i t e r i o n  g roups  when S- was changed.  These r e s u l t s  were e x p la in e d  
in  te rm s  o f  p o s i t i o n  s t r a t e g i e s ;  t h e  c r i t e r i o n  g roups  tended t o  
make more p o s i t i o n  responses on th e  l a s t  day and r e t r a c e  i f  t h e  
S- was p r e s e n t ,  w h i l e  o v e r t r a i n e d  groups looked a t  bo th  cues f rom  
t h e  c h o i c e  p o i n t  and approached S+. Thus w i t h  o v e r t r a i n i n g  t h e  
a n i m a l s ’ b e h a v io r  i s  a p p a r e n t l y  more c o n t r o l l e d  by t h e  S+ than  
t h e  S - .
O th e r  i n v e s t i g a t i o n s  have found t h a t  t h e  i n f o r m a t i o n  g i v e n  
by a cue e f f e c t s  l e a r n i n g .  Warren and K imba l l  (1959) found 
assym e t ry  in  t r a n s f e r  e f f e c t s  w i t h  p o s i t i v e  and n e g a t i v e  s t i m u l i  
in c a t s .  Large e f f e c t s  were o b ta in e d  when t h e  p r e v i o u s l y  n e g a t i v e  
s t i m u l u s  was m a in t a i n e d ,  w h i l e  a com p le te  absence o f  t r a n s f e r  
was found  when th e  p o s i t i v e  cue was r e t a i n e d .  Behar (1961,  1962) 
found t h a t  monkeys tended t o  le a rn  t o  avo id  th e  n e g a t i v e  cue.
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R e s t l e  (1955) proposed a t h e o r y  o f  d i s c r i m i n a t i o n  l e a r n in g  
t h a t  emphasized t h e  number o f  r e l e v a n t  and i r r e l e v a n t  cues 
p r e s e n t  in  t h e  l e a r n i n g  s i t u a t i o n ;  t h e  h i g h e r  t h e  p r o p o r t i o n  o f  
a l l  cues a re  r e l e v a n t  t h e  f a s t e r  l e a r n in g  o c c u r s .  T h i s  im p l i e s  
a n o t i o n  o f  cue s e l e c t i v i t y ,  w i t h  t h e  p r o b a b i l i t y  o f  s e l e c t i o n  
o f  a r e l e v a n t  cue a f u n c t i o n  t h e  number a v a i l a b l e .  E n in g e r  (1952) 
found  t h a t  r a t s  lea rned  a c o n d i t i o n a l  d i s c r i m i n a t i o n  f a s t e r  w i t h  
bo th  b r i g h t n e s s  and sound cues a v a i l a b l e  and r e l e v a n t  th a n  w i t h  
o n l y  v i s u a l  o r  sound cues a v a i l a b l e .  He used a 90 db to n e  wh ich 
m ig h t  have caused a f e a r  response ,  wh ich c o u ld  e x p l a i n  why t h e  
sound group lea rned  much s lo w e r  than  t h e  b r i g h t n e s s  g ro u p ;  i f  
t h i s  were t h e  case an enhancement o f  t h e  reward v a lu e  o f  t h e  
v i s u a l  cue w i t h  t h e  o f f s e t  o f  t h e  t o n e ,  wh ich o c c u r re d  on e n t r y  
t o  t h e  goa l  box ,  may have f a c i l i t a t e d  l e a r n in g  f o r  t h e  m u l t i p l e  
cue g ro u p .  E n in g e r  conc luded  t h a t  t h e  g r e a t e r  t h e  number o f  senso ry  
m o d a l i t i e s  i n v o lv e d  in  t h e  r e l e v a n t  cues ,  t h e  f a s t e r  t h e  
d i s c r i m i n a t i o n  would be a c q u i r e d .  An a d d i t i v i t y  o f  cues e f f e c t  
was r e p o r t e d  by S u th e r l a n d  and M ack in tosh  (1971)  in  an unpus I i s h e d  
s tu d y  by S u th e r l a n d  and H o lg a te  in  wh ich g roups  t r a i n e d  w i t h  bo th  
b l a c k - w h i t e  and h o r i z o n t a I - v e r t i c a I  cues r e l e v a n t  lea rned  t h e  
d i s c r i m i n a t i o n  sooner  th a n  g roups  t r a i n e d  w i t h  b r i g h t n e s s  o r  
o r i e n t a t i o n  a lo n e .  Brown, Fr iedman,  and B rune r  (1971) found 
f a s t e r  l e a r n i n g  t o  redundan t  l i g h t  and p o s i t i o n  cues than  t o  l i g h t  
o r  p o s i t i o n  a l o n e .  Mumma and Warren (1968) found a d d i t i v i t y  e f f e c t s  
i n c a t s .
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S u th e r l a n d  and Ho I g a te  (1966) no ted t h a t  t h e  usua l  
i n t e r p r e t a t i o n  o f  t h e  a d d i t i v i t y  o f  cues e f f e c t ,  t h a t  an im a ls  
l e a rn  as much abou t  each o f  two r e l e v a n t  cues as th e y  would abou t  
e i t h e r  a lo n e  ( R e s t l e ,  1955) c o n f l i c t e d  w i t h  da ta  t h a t  t h e y  had 
c o l l e c t e d ,  wh ich  su p p o r te d  a two process  s e l e c t i v i t y  o f  cues 
i n t e r p r e t a t i o n . They t r a i n e d  r a t s  w i t h  bo th  b r i g h t n e s s  ( b l a c k -  
w h i t e )  and o r i e n t a t i o n  ( h o r i z o n t a I - v e r t i c a I ) cues r e l e v a n t  and, 
on t r a n s f e r  t e s t s ,  found t h a t  t h e  more an i n d i v i d u a l  an imal 
lea rned  abou t  one d im e n s io n ,  t h e  less  i t  lea rned  abou t  t h e  o t h e r ,  
as i n d i c a t e d  by a n e g a t i v e  c o r r e l a t i o n  between per fo rm ance  w i t h  
each cue .  They i n t e r p r e t e d  a d d i t i v i t y  o f  cues as inc reased  
p r o b a b i l i t y  t h a t  an an imal would a t te n d  t o  a r e l e v a n t  cue e a r l y  
in  t r a i n i n g .  I f  a n im a ls  responded t o  d imens ions  s i n g l y  and in  a 
h i e r a r c h y  d i f f e r e n t  f o r  each i n d i v i d u a l ,  t h e  t im e  r e q u i r e d  f o r  
l e a r n i n g  a d i s c r i m i n a t i o n  would be a f u n c t i o n  o f  th e  p o s i t i o n  in  
t h e  h i e r a r c h y  o f  t h e  s t r o n g e s t  r e l e v a n t  cue p r e s e n t  f o r  t h e  
i n d i v i d u a l  a n im a l .  The r e s u l t  would be f a s t e r  group le a r n in g  
c u rv e s  f o r  g roups  t r a i n e d  w i t h  two cues r e l e v a n t .
S u th e r l a n d  and AndeI man(1967) found s u p p o r t  f o r  a h i e r a r c h y  
o f  t h e  l i k e l i h o o d  o f  a t t e n d i n g  t o  d i f f e r e n t  s t im u lu s  d im e n s io n s .
Groups t r a i n e d  in  a d i s c r i m i n a t i o n  w i t h  b l a c k - w h i t e  and h o r i z o n t a l -  
v e r t i c a l  cues f o r  a f i x e d  number o f  t r i a l s  per fo rmed b e t t e r  on 
r e t r a i n i n g  t r i a l s  and in  t r a n s f e r  t e s t s  th a n  g roups  t r a i n e d  on 
one o f  t h e  cues .  Groups t r a i n e d  on h o r i z o n t a I - v e r t i c a I  and 
t a c t u a l  cues (a r u b b e r  o r  meta l  jump ing  s ta n d )  d id  p o o re r  in  t r a n s f e r  
t e s t s  t o  t h e  t a c t u a l  cue th a n  t h e  group t r a i n e d  w i t h  t h q t  cue a lo n e .
When r a t s  were t r a i n e d  on s u f f i c i e n t l y  d i f f e r e n t  cues ,  t h o s e  t r a i n e d
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w i t h  two cues le a rn ed  less  abou t  one cue than  r a t s  t r a i n e d  on 
t h a t  cue a lo n e ;  when t h e  cues were more s i m i l a r ,  t h e  o p p o s i t e  
r e s u l t  was o b t a i n e d .  S u th e r l a n d  and Andelman argued t h a t  t h i s  
i n d i c a t e d  a h i e r a r c h y . o f  a n a l y z e r s  was in v o l v e d .  Russe l l  and 
Love joy  (1967) found  s im i  I a r  r e s u I t s .
McGon ig le  (1967)  s c a le d  b r i g h t n e s s ,  s i z e ,  and fo rm  cues 
p s y c h o -p h y s ic a I  I y and found t h a t  l e a rn in g  pe r fo rm ance  inc reased  
as a f u n c t i o n  o f  t h e  number and d i s c r i m i n a b i I i t y  o f  t h e  cues used. 
He found  t h a t  b r i g h t n e s s  d i f f e r e n c e s  were p r e f e r r e d  t o  s i z e  and 
fo rm  d i f f e r e n c e s  o f  t h e  same m agn i tude .  In o t h e r  words ,  a l th o u g h  
b r i g h t n e s s  cues were no more e f f e c t i v e  in l e a r n in g  pe r fo rm an ce ,  
t h e y  were n o n e th e le s s  p r e f e r r e d .  T h is  r e s u l t  was seen as in  
accord  w i t h  ideas o f  p e rc e p tu a l  dominance and s e l e c t i v e  a t t e n t i o n  
s u g g e s t i n g  t h a t  r a t s  s e l e c t  and u t i l i z e  a s i n g l e  d im en s ion a l  
d i f f e r e n c e  t o  t h e  e x c l u s i o n  o f  o t h e r  e q u a l l y  e f f e c t i v e  d i f f e r e n c e s  
ava i I a b I e .
T r a n s f e r  s t u d i e s  (Lawrence,  1949, 1950; K e n d le r  and K e n d le r ,  
1962; M a c k in to s h ,  1964; and Shepp and Eimas, 1964) have been used 
t o  s u p p o r t  t h e  n o t i o n  t h a t  l e a r n in g  a d i s c r i m i n a t i o n  i n v o lv e s  
l e a r n in g  t o  s e l e c t  and a t t e n d  t o  th e  r e l e v a n t  cues .  In an 
i n t r a d im e n s io n a I  s h i f t  ( ID S ) ,  t h e  r e l e v a n t  d im ens ion  remains 
t h e  same, b u t  t h e  s t i m u l i  w i t h i n  a d imens ion  change,  say f rom  
re d -g re e n  t o  b l u e - y e l l o w  o r  f rom  c i r c l e - s t a r  t o  s q u a r e - t r i a n g l e .
In an e x t r a d im e n s io n a I  s h i f t  (EDS),  t h e  r e l e v a n t  d imens ion  changes-
c o l o r s  o r  shapes wh ich were p r e s e n t  b u t  i r r e l e v a n t  become
\
r e l e v a n t ,  w h i l e  t h e  p r e v i o u s l y  c o r r e c t  d imens ion  becomes a c o n s t a n t  
in  each t r i a l .  A one s tage  model would p r e d i c t  EDS t o  be learned
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f a s t e r  than  r e v e r s a l ,  as response s t r e n g t h s  have t o  be e x t i n g u i s h e d  
in  r e v e r s a l  b u t  n o t  in  t h e  t r a n s f e r  t a s k ,  and rio d i f f e r e n c e  
between EDS and IDS as each t r a n s f e r  t a s k  would be a new p rob lem .  
S u p e r i o r  pe r fo rm ance  o f  IDS and EDS sugges ts  t h a t  a n im a ls  do 
s e l e c t i v e l y  a t t e n d  t o  t h e  r e l e v a n t  d im en s ion .  R o t h b l a t  and W i lson  
(1968)  gave monkeys IDS and EDS u s ing  cues in  two m o d a l i t i e s ,  
r e v e r s a l s  were c h a r a c t e r i z e d  by a r e v e r s a l  p l a te a u  and IDS was 
s u p e r i o r  t o  EDS. Across  m o d a l i t i e s ,  no d i f f e r e n c e  was found 
between IDS and EDS. The r e s u l t s  were i n t e r p r e t e d  as i n d i c a t i n g  
t h e  e x i s t e n c e  o f  a n o n v is u a l  a n a l y z i n g  mechanism and as s u p p o r t  
f o r  a two s tage  model o f  d i s c r i m i n a t i o n  l e a r n i n g .  The e v idence  
i n d i c a t e d  t h a t  a n a l y z e r s  may be m o d a l i t y  s p e c i f i c .
Cue Re Ievancy  and Number i n D? scr im? na t  i on Learn i nq and ReversaI 
The purpose o f  t h i s  e x p e r im e n t  was t o  examine what  i s  
lea rned  in  cue r e v e r s a I  l e a r n i n g  w i t h  two r e l e v a n t  cues a v a i l a b l e .  
I f  two r e l e v a n t  cues in c re a s e  th e  p r o b a b i l i t y  o f  a t t e n d i n g  t o  a 
c o r r e c t  cue ,  in  an ana logous  f a s h io n  t o  t h e  e f f e c t s  o f  o v e r t r a i n i n g , 
t h e  p resence  o f  a second cue shou ld  r e s u l t  in  f a s t e r  r e v e r s a I  f o r  
a two cue group as compared t o  g roups  t r a i n e d  on e i t h e r  o f  t h e  
two cues a lo n e .  Such a f i n d i n g  would s u p p o r t  t h e  n o t i o n  t h a t  
a t t e n d i n g  t o  the  r e l e v a n t  d im ens ion  i s  in v o lv e d  in  r e v e r s a l  l e a r n in g  
s in c e  th e  r e s u l t s  c o u ld  no t  be a t t r i b u t e d  t o  o v e r t r a i n i n g  e f f e c t s .  
F a i l u r e  t o  f i n d  f a s t e r  r e v e r s a l  would i n d i c a t e  t h a t  i n c r e a s in g  t h e  
p r o b a b i l i t y  as a t t e n d i n g  t o  a r e l e v a n t  cue does n o t  f a c i l i t a t e  
t h e  l e a r n i n g  o f  a r e v e r s a l .  In o r d e r  t o  o b t a i n  some e v idenc e  
abou t  w h e th e r  l e a r n i n g  t o  approach o r  avo id  s t i m u l i  a re  i n v o lv e d
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in  d i s c r i m i n a t i o n  l e a r n i n g ,  a n im a ls  were t r a i n e d  w i t h  cues 
o r i g i n a l l y  p o s i t i v e  o r  n e g a t i v e .  . I f  avo idance  i s  lea rned  f a s t e r ,  
t h e  g roups  t r a i n e d  w i t h  cues i n i t i a l l y  n e g a t i v e  s hou ld  le a rn  
f a s t e r ;  i f  avo idance  i s  s t r o n g e r ,  t h e s e  g roups  s hou ld  r e v e rs e  
s lo w e r .  I f  approach i s  more r e a d i l y  le a rn e d ,  t h e  p o s i t i v e  cues 
s h o u ld  p roduce  f a s t e r  l e a r n i n g ;  w h i l e  i f  p o s i t i v e  cues a re  
s t r o n g e r ,  r e v e r s a l  shou Id  be more d i f f i c u l t  f o r  g roups t r a i n e d  
w i t h  t h e  p o s i t i v e  cue .  F a i l u r e  t o  o b t a i n  d i f f e r e n c e s  would 
i n d i c a t e  t h a t  approach and avo idance  a re  e q u a l l y  in v o lv e d  in  
d i s c r i m i n a t i o n  l e a r n i n g .  The two  cues used were v i s u a l ,  t h e  
p resence  o r  absence o f  a l i g h t  on a d o o r ,  and a u d i t o r y ,  t h e  
p resence  o r  absence o f  sound on a s i d e .
METHOD
S u b je c ts
The s u b j e c t s  were 56 fem a le  a l b i n o  r a t s  o b ta in e d  f rom  t h e  
Ho ltzman Company, Mad ison,  W is c o n s in .  A l l  a n im a ls  were i n d i v i d u a l l y  
caged under  c o n d i t i o n s  o f  24 hour  l i g h t  and m a in ta in e d  w i t h  an 
u n l i m i t e d  amount o f  food  and w a te r .  The ad I ? b . w e ig h t  f o r  each 
animal was d e te rm ined  im m e d ia te ly  p r i o r  t o  d e p r i v a t i o n ;  d u r i n g  t h i s  
w e ig h in g  p e r i o d ,  t h e  S_s were accustomed t o  be ing  h an d le d .  D u r ing  
t h e  e x p e r im e n t ,  S_s were m a in ta in e d  between 75$ and 80$ o f  t h e i r  
ad l i b , w e ig h t s .  The Ss were f rom  100 t o  170 days o f  age a t  t h e  
s t a r t  o f  t h e i r  t r a i n i n g .
A ppara tus
The Ss were run in  a m o d i f i e d  G r i c e  box (Fr iedman and M a r s h a l l ,  
1965) c o n s i s t i n g  o f  a s t a r t  compartment measur ing 23 inches  X 14 
inches  and a c h o i c e  compar tment  measur ing 23 inches X 25 in c hes ;  
t h e  two compar tments  were s epa ra ted  by a brown m ason i te  g u i l l o t i n e  
d o o r .  The a p p a ra tu s  was p a in te d  b l a c k ;  i t  was 15 inches  deep 
and covered  w i t h  hardware c l o t h .  A t  t h e  end o f  t h e  c h o ic e  compar tment,  
6 inches  a p a r t ,  were two d o o rs ,  each measur ing  5 j  inches  w ide and.
6 inches  h i g h ,  c o n s t r u c t e d  so t h a t  when a n g le  i r o n s  were r e le a s e d ,  
w e ig h ts  p u l l e d  t h e  bo t tom o f  each h inged door  up and back ,  expos ing  
a c i r c u l a r  food cup s e t  in  th e  f l o o r .  In f r o n t  o f  t h e  door  was 
a heavy wooden masking p a n e l ,  p a in t e d  b l a c k ,  which c o u ld  be r a i s e d
t
t o  expose t h e  d o o rs ,  and lowered t o  conceal  them. ' In t h e  m idd le
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o f  each door  was a 1|  inch in  d ia m e te r  c i r c u l a r  open ing  backed 
by w h i t e  t r a n s l u c e n t  g l a s s .  Two seven w a t t  u n f r o s te d  b u lb s  were 
mounted beh ind  eadch open ing  on r e c e p t a c l e s  t h a t  c o u ld  ho ld  two 
f i l t e r s  in  f r o n t  o f  t h e  b u lb s .  The r a i s i n g  o f  th e  panel  t r i p p e d  
a m ic r o s w i t c h  wh ich t u r n e d  o f f  t h e  h o u s e l i g h t s ,  one lo c a te d  in  t h e  
s t a r t  compar tment  and two in  t h e  c h o i c e  compartment o p p o s i t e  f rom 
each d o o r ,  and t u r n e d  on t h e  s t i m u l u s  l i g h t s .
E l e c t r i c a l  p u l s e s ,  s i x  p e r  second and each .001 seconds in  
d u r a t i o n  f rom  a Grass SD5 s t i m u l a t o r ,  were reco rded  on an Ampex 
C-15 c a s s e t t e  magnet ta p e  c a r t r i d g e .  The c l i c k  t r a i n  r e s u l t i n g  
when t h e  ta p e  was p layed  on a Scanfax  101 c a s s e t t e  tape  r e c o r d e r  
was t h e  a u d i t o r y  s t im u lu s  s o u rc e .  The r e c o r d e r  was ope ra te d  th ro u g h  
t h e  p a n e l - t r i p p e d  m ic r o s w i t c h  so t h e  o n s e t  and o f f s e t  o f  t h e  
sound s t im u lu s  was t h e  same as f o r  t h e  l i g h t .
P rocedu re
P r e t r a i n i n g  began when t h e  a n im a ls  reached t h e  75-80$ range 
o f  t h e i r  ad l i b , w e ig h t s .  On t h e  f i r s t  day,  t h e y  were t r a i n e d  t o  
e a t  45 mg. Noyes p e l l e t s  in  t h e i r  home cages. On t h e  second day 
t h e y  were p laced  in  t h e  a p p a ra tu s  w i t h  Noyes p e l l e t s  s c a t t e r e d  
abo u t  t h e  f l o o r  in  bo th  t h e  s t a r t  and c h o i c e  compar tments .  N ex t ,  
t h e y  were p laced  in  t h e  a p p a ra tu s  b u t  t h i s  t im e  food was lo c a te d  
o n l y  in  and around t h e  food  cups .  On t h e  f i n a l  day,  t h e  an im a ls  
were t r a i n e d  t o  leave t h e  s t a r t  box when t h e  door  was opened, 
approach a s t i m u l u s  p a n e l ,  and w a i t  f o r  i t  t o  open t o  r e c e i v e  
two Noyes p e l l e t s  in  t h e  food cup.  An equal  number o f  t r i a l s  
were g i v e n  t o  each s i d e .  The Ss were then  t r a i n e d  t o  r e t u r n  t o  
t h e  s t a r t  box.
To reduce p o s s i b l e  em o t io n a l  responses t o  t h e  i n i t i a l  
p r e s e n t a t i o n  o f  t h e  s t i m u l i  on t h e  f i r s t  day o f  t r a i n i n g ,  bo th  
t h e  l i g h t  and sound s t i m u l i  were p resen ted  d u r i n g  p r e t r a i n i n g  
n o n - d i f f e r e n t i a  I l y  and a t  i n t e n s i t i e s  lower  th a n  used d u r i n g  
t r a i n i n g .  On t h e  second day o f  p r e t r a i n i n g ,  t h e  s t im u lu s  l i g h t s  
were f i l t e r e d  by 2 .0  n e u t r a l  f i l t e r s  y i e l d i n g  an i n t e n s i t y  in  each 
s t im u lu s  panel  o f  .005 f o o t  la m b e r t s .  On t h e  t h i r d  day o f  p r e ­
t r a i n i n g ,  a speaker  was p laced  above and beh ind  t h e  goa l  boxes ,  in  
t h e  m id d le ;  t h e  c l i c k  t r a i n  was p layed  a t  an i n t e n s i t y  o f  db.
T r a i n i n g  began on t h e  f o l l o w i n g  day. The l o c a t i o n  o f  t h e  
c o r r e c t  s i d e ,  and t h u s  cue p lacem en t ,  was d e te rm ined  by a G e l le rm an  
(1939) s e r i e s ,  randomly  s e l e c t e d  f o r  each day.  Each an imal ran 
te n  t r i a l s  in  s u c c e s s io n  each day .  Two food p e l l e t s  were in  each 
cup on e v e ry  t r i  a I .
A t r i a l  c o n s i s t e d  o f  open ing  t h e  door  s e p a r a t i n g  t h e  s t a r t  
and c h o i c e  compar tments  and t h e  animal advanc ing  t o  one door  o r  
t h e  o t h e r .  I f  t h e  an imal chose c o r r e c t l y ,  t h e  s t im u lu s  doo r  was 
opened and he was a I lowed t o  e a t  t h e  food pel  l e t s .  The doo r  was 
th e n  c lo s e d  and t h e  masking panel  lowered.  The an imal r e tu rn e d  
t o  t h e  s t a r t  box w h i l e  t h e  r e s u l t s  were reco rded  and t h e  c o n d i t i o n s  
f o r  t h e  n e x t  t r i a l  a r ra n g e d .  I f  t h e  animal chose i n c o r r e c t l y  
t h e  mask ing panel  was im m e d ia te ly  lowered,  and t h e  S_ r e tu rn e d  t o  
t h e  s t a r t  box f o r  t h e  n e x t  t r i a l .
When each s u b j e c t  reached t h e  c r i t e r i o n  o f  n in e  c o r r e c t  
t r i a l s  o.n one d a y ’ s s e s s io n  o f  t e n  t r i a l s ,  t h e  a p p r o p r i a t e  cues ,  
de te rm ined  by group membersh ip ,  were re v e r s e d .  R e v e rs a U t r a i n i n g  
c o n t i n u e d  t o  t h e  same c r i t e r i o n .
EXPERIMENT ONE
The purpose o f  t h i s  e x p e r im e n t  was t o  compare r e v e r s a l  
pe r fo rm ance  f o r  r a t s  t r a i n e d  w i t h  one cue r e l e v a n t  o r  w i t h  two 
cues r e l e v a n t ,  and t o  i n v e s t i g a t e  t h e  p o s s i b i l i t i e s  o f  d i f f e r e n t  
r a t e s  o f  l e a r n in g  and r e v e r s a l  f o r  p o s i t i v e  o r  n e g a t i v e  v a lu e s  
o f  t h e  cues .
A 0 . 5  n e u t r a l  d e n s i t y  f i l t e r  was p laced  between t h e  l i g h t  
bu lb s  and t h e  t r a n s l u c e n t  p l a t e  y i e l d i n g  a s t im u lu s  b r i g h t n e s s  
o f  a b o u t  1.74 f o o t  l a m b e r t s ;  t h e  l i g h t  d imens ion  c o n s i s t e d  o f  
t h e  p resence  o f  t h e  l i g h t  on one d o o r ,  and th e  absence o f  a l i g h t  
on t h e  o t h e r .  The I i g h t  abse n t  door  was ach ieved  by b l o c k i n g  
t h e  l i g h t  w i t h  an opaque (wooden) f i l t e r .
The sound s t i m u l u s  was d e l i v e r e d  th ro u g h  a speaker  2^ inches  
in  d ia m e te r  mounted beh ind  a 4 inch  by 5 inch  board w i t h  a 2 inch 
in  d ia m e te r  h o le  c u t  in  t h e  m id d le .  The board was covered w i t h  
b l a c k  c l o t h  and was p laced  s t a n d in g  v e r t i c a l l y  on th e  G r i c e  
box l i d ,  above one o f  t h e  s t i m u l u s  d o o rs .  The c l i c k s  measured 
db. To a v o id  t h e  p lacem ent  o f  t h e  speaker  be ing  used as a 
cue ,  a second 4 inch  by 5 inch  board covered  w i t h  i d e n t i c a l  
b l a c k  c l o t h  was p la c e d  above t h e  o t h e r  s t im u lu s  d o o r .
An equal  number o f  a n im a ls  were run in  each o f  t h e  t h r e e  
c o n d i t i o n s .  For t h e  l i g h t  g roup  (group L ) ,  o n l y  t h e  l i g h t  cues 
were p r e s e n t ;  t h e  sound s ou rce  was tu rn e d  o f f .  The sound group 
(group S ) ,  r e c e iv e d  the  c l i c k - t r a i n  o n l y ;  t h e  l i g h t s  were d i s c o n n e c te d .
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The l i g h t - s o u n d  group (group LS) ,  had both  t h e  l i g h t  and sound 
cues a v a i l a b l e ,  bo th  on t h e  same s i d e .  H a l f  o f  t h e  s u b j e c t s  
in  each c o n d i t i o n  were t r a i n e d  w i t h  t h e  presence o f  t h e  s t i m u l i  
p o s i t i v e  (L+ ,  S+, LS+),  and h a l f  t h e  p resence o f  th e  s t i m u l i  
n e g a t i v e  ( L - ,  S - ,  L S - ) .
Twelve  r a t s  were used in  t h i s  e x p e r im e n t .
R e s u I t s
T r i a l s  t o  c r i t e r i o n  f o r  o r i g i n a l  t r a i n i n g  and r e v e r s a l  a re  
p l o t t e d  in  F i g u r e  1. Of t h e  f o u r  an im a ls  t r a i n e d  in  g roup S, 
o n l y  one lea rned  th e  o r i g i n a l  t a s k  w i t h i n  500 t r i a l s .  T h i s  an imal  
was in  t h e  S- g roup and on th e  f i r s t  day o f  r e v e r s a l  as w e l l  as 
f o l l o w i n g  220 t r i a l s  responded a t  chance.  Group S was e l i m i n a t e d  
f rom  f u r t h e r  a n a l y s i s .  Groups L+ and LS+ o v e r la p p e d  in  t r i a l s  
and e r r o r s  t o  c r i t e r i o n ,  as d id  g roups  L-  and LS- ,  bo th  in  
o r i g i n a l  t r a i n i n g  and in  r e v e r s a l .  On th e  b a s i s  o f  a 2X2 a n a l y s i s  
o f  v a r i a n c e ,  t r i a l s  t o  c r i t e r i o n  showed e s s e n t i a l l y  no d i f f e r e n c e s  
in  t h e  r a t e  o f  l e a r n i n g  a t t r i b u t a b l e  t o  th e  p resence o f  one o r  
two r e l e v a n t  cues (F < I ;  d f = 1 , 4 ) .  Groups L+ and LS+ learned 
t h e  o r i g i n a l  d i s c r i m i n a t i o n  f a s t e r  than  g roups  L- and LS- (F=14.294 ;  
d f  = 1 ,4 ;  p < .05 ;  r ^  = . 8 8 ) .  The i n t e r a c t i o n  o f  number o f  r e l e v a n t  
cues w i t h  t h e  v a lu e  o f  t h e  cues was n e g l i g a b l e  (F < I ; d f = 1 , 4 ) .
In r e v e r s a l ,  n e i t h e r  t h e  number o f  a v a i l a b l e  cues (F < 1; d f = 1 , 4 )  
no r  t h e  v a lu e  o f  t h e  cues (F < 1; d f  = 1 ,4 )  had an e f f e c t  on 
r e v e r s a I  p e r fo rm a n c e .  The i n t e r a c t i o n  o f  number o f  cues and v a lu e  
o f  cues-was n e g l i g a b l e  (F < 1; d f  = 1 , 4 ) .  The a n a l y s i s  based on 
t h e  number o f  e r r o r s  t o  c r i t e r i o n - y  i e Ided  v i r t u a l l y  t h e ’same 
r e s u l t s  as th e  t r i a l s  a n a l y s i s .
FIGURE 1
MEAN TRIALS TO CRITERION IN TRAINING AND REVERSAL FOR RATS TRAINED 
WITH LIGHT OR LIGHT AND SOUND AS POSITIVE OR NEGATIVE CUES
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Pi scuss  ion
These r e s u l t s  s ugg es t  t h a t ,  f o r  t h e  cues used in  t h i s  
e x p e r im e n t ,  two  r e l e v a n t  cues had l i t t l e  e f f e c t  on l e a r n in g  o r  
r e v e r s a l .  Because t h e  sound group d id  no t  l e a rn  t h e  d i s c r i m i n a t i o n ,
a p o s s i b l e  e x p l a n a t i o n  f o r  t h e  la c k  o f  d i f f e r e n c e ,  a s id e  f rom  th e
p o s s i b i l i t y  t h a t  two cues had no e f f e c t ,  i s  t h a t  t h e  a n im a ls  cou ld  
n o t  le a rn  abou t  t h e  sound cue.  T h i s  s u g g e s t i o n  i s  f u r t h e r  
s u p p o r te d  by t h e  v i r t u a l l y  i d e n t i c a l  per fo rm ance  o f  t h e  L and LS 
g ro u p s .  T ha t  t h e  r a t s  c o u ld  hear  the  c l i c k  t r a i n  was e s t a b I i s h e d  
by p l a c i n g  t h e  sound sou rce  o u t  o f  the  s i g h t  o f  t h e  a n im a ls ;  
when t h e  sound was t u rn e d  on,  t h e y  went  t o  t h e  l o c a t i o n  c l o s e s t  
t o  t h e  sound,  s tood  up, and s n i f f e d  th e  a i r ;  when t h e  source  
was moved, b u t  s t i l l  kep t  o u t  o f  s i g h t ,  t h e  r a t s  moved w i t h  i t .
S ince  t h e y  c o u ld  hea r  t h e  sound b u t  c o u ld  no t  r e a d i l y  l e a rn  abou t  
i t ,  t h e  l o c a t i o n  o f  t h e  sound source  above t h e  d o o r ,  r a t h e r  than  
on t h e  d o o r ,  may have been t h e  cause.
These r e s u l t s  d i d  i n d i c a t e  t h a t ,  i n i t i a l l y ,  t h e  c u e - p r e s e n t -
p o s i t i v e  c o n d i t i o n  was lea rned  more r a p i d l y  than  t h e  c u e - p r e s e n t -
n e g a t i v e  c o n d i t i o n .  T h i s  sugges ts  t h a t  t h e  a n im a ls  lea rned  t o  
approach t h e  cues f a s t e r  th a n  t h e y  learned t o  a v o id  them.
EXPERIMENT TWO
The purpose  o f  t h i s  e x p e r im e n t  was t h e  same as t h a t  o f  t h e  
f i r s t  e x p e r im e n t ,  t o  compare s e v e rs a l  per fo rm ance  w i t h  one and 
two cues and t o  i n v e s t i g a t e  t h e  v a lu e s  o f  t h e  cues on l e a r n i n g .
In a d d i t i o n ,  t h i s  e x p e r im e n t  i n c o r p o r a te d  a p p a ra tu s  changes t o  
improve upon t h e  f i r s t  s t u d y .  Because l e a r n in g  was s low in  t h e  
f i r s t  s t u d y ,  t h e  l i g h t  was made b r i g h t e r ;  and t o  a id  l e a r n i n g  t o  
t h e  sound,  t h e  sound s ou rce  was p laced  on t h e  s t i m u l u s  doo r  c l o s e r  
t o  t h e  response and t h e  reward .
The 0 . 5  f i l t e r s  in  t h e  f i r s t  s tu d y  were re p la c e d  w i t h  0 . 3  
f i l t e r s ,  wh ich produced a n o t i c e a b l y  b r i g h t e r  s t im u lu s  when l i g h t s  
f i l t e r e d  by each were s im u l t a n e o u s l y  compared. The b r i g h t n e s s  
was a b o u t  2 .76  f o o t  la m b e r ts .
Two 2 inch  in  d ia m e te r  speakers  were each mounted in  2 j  inch 
square  b lo c k s  o f  s t y r o f o a m  p l a s t i c  {  inch t h i c k  and covered  w i t h  
a 2 j  inch  square  p ie c e  o f  wood w i t h  a 2 inch in  d ia m e te r  h o le  
in  t h e  c e n t e r  t h a t  j u s t  f i t  a round t h e  s pea k e r .  The wood was 
covered  w i t h  b l a c k  c l o t h  and a t ta c h e d  t o  t h e  p l a s t i c  base. Two 
magnets were a t ta c h e d  t o  o p p o s i t e  s id e s  o f  each base. A speaker  • 
was a t ta c h e d  t o  a doo r  by s e c u r i n g  t h e  magnets t o  i  inch  square  
meta l  p l a t e s  on each d o o r .  Speaker  leads ran o u t  o f  t h e  back o f  
t h e  p l a s t i c  bases and up t h ro u g h  th e  t o p s  o f  t h e  doo rs  o u t s i d e  
o f  t h e  c h o i c e  compar tment  t o  a s w i t c h  wh ich a c t i v a t e d  t h e  speaker  
on one o f  t h e  d o o rs .  To p r e v e n t  t h e  a s s o c i a t i o n  o f  i n d i v i d u a l
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speaker  c h a r a c t e r i s t i c s  w i t h  p o s i t i o n  cues ,  t h e  l o c a t i o n  o f  t h e  
speake rs  f rom  day t o  day was changed in  a semi- random f a s h i o n .
The c l i c k  t r a i n  measured db.
The c o n d i t i o n s  and g roups  used in  t h e s  e x p e r im e n t  were t h e  
same as in  t h e  f i r s t  e x p e r im e n t ;  L+, L - ,  S+, S - ,  LS+, LS-.  Twenty 
f o u r  r a t s  were run  in  two r e p l i c a t i o n s  o f  t w e l v e  r a t s  each.
R e s u I t s
F ig u r e  2 p l o t s  t r i a l s  t o  c r i t e r i o n  f o r  o r i g i n a l  t r a i n i n g  and 
r e v e r s a l .  A l l  members o f  t h e  S+ g roups  were a b le  t o  le a rn  t h e  
o r i g i n a l  d i s c r i m i n a t i o n ;  two a n im a ls  in  t h i s  g roup learned  t h e  
t a s k  w i t h  one o r  few e r r o r s  w h i l e  t h e  o t h e r  two r e q u i r e d  o v e r  
100 t r i a l s .  No s u b j e c t s  in  t h e  S- g roups  learned  th e  t a s k  w i t h i n  
300 t r i a l s ,  and none o f  t h e  S+ g roups  learned  t h e  r e v e r s a l .  The 
sound t r a i n e d  g roups  were n o t  in c lu d e d  in  f u r t h e r  a n a l y s i s .
As i n d i c a t e d  by a 2X2 f a c t o r i a l  a n a l y s i s  o f  v a r i a n c e  o f  o r i g i n a l  
t r a i n i n g ,  t h e  g roups  t r a i n e d  t o  t h e  p o s i t i v e  cues (L+ ,  LS+) 
lea rned  t h e  d i s c r i m i n a t i o n  f a s t e r  th a n  th e  g roups  t r a i n e d  t o  th e  
n e g a t i v e  cues (F=45 .521 ;  d f = 1 ,1 2 ;  p < 1; - ^ = . 8 9 ) .  The groups t r a i n e d  
t o  bo th  l i g h t  and sound cues learned  t h e  t a s k  in  fewer  t r i a l s  
than  t h e  g roups  t r a i n e d  t o  l i g h t  a lo n e  (F=5 .828 ;  d f = 1 ,1 2 ;  p < .0 5 ,  
£ ^ = . 5 7 ) .  The i n t e r a c t i o n  between t h e  i n f o r m a t i o n  v a lu e  o f  t h e  
cue and t h e  number o f  cues a v a i l a b l e  was modera te  (F=2 .395 ;  
d f = 1 , 1 2 ;  p > .1 0 ,  £?n= .34 )  w i t h  t h e  d i f f e r e n c e  between one and 
two cue g roups  be ing  g r e a t e r  when t h e  cues were n e g a t i v e .
As 'shown by a s i m i l a r  a n a l y s i s  o f  v a r i a n c e  f o r  r e v e r s a l ,  
a n e g l i g a b l e  d i f f e r e n c e  r e s u l t e d  f rom  t h e  i n f o r m a t i o n  v a lu e  o f
FIGURE 2
MEAN TRIALS TO CRITERION IN TRAINING AND REVERSAL FOR RATS TRAINED WITH 
LIGHT, SOUND, OR LIGHT AND SOUND AS POSITIVE OR NEGATIVE CUES
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t h e  cues (F < 1; d f = 1 , 1 2 ) .  S u b je c ts  t r a i n e d  w i t h  two cues 
lea rned  t h e  r e v e r s a l  more r a p i d l y  than  a n im a ls  t r a i n e d  w i t h  one 
cue (F=6 .886 ;  d f = 1 ,1 2 ;  p < . 0 5 ,  £ ^ = . 6 0 ) .  The i n t e r a c t i o n  o f  cue 
v a lu e  and number o f  a v a i l a b l e  cues was n e g l i g i b l e  (F < 1; d f = 1 , 1 2 ) .
A t r e a t m e n t  (cue number) by t r e a t m e n t  (cue v a lu e )  by t r e a t m e n t  
( t a s k )  by s u b j e c t s  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d  t h a t ,  ac ross  
o r i g i n a l  t r a i n i n g  and r e v e r s a l ,  two cues r e s u l t e d  in  f a s t e r  
l e a r n in g  th a n  one cue (F=8 .645 ;  d f= 1 ,1 2 ;  p < .05 ;  £ ^ = . 6 5 ) .  P o s i t i v e  
cues were lea rned  more r a p i d l y  th a n  n e g a t i v e  cues (F=7 .852 ;  d f = 1 ,1 2 ;  
p < .0 5 ;  1^=  . 6 3 ) .  The r e v e r s a l  t a s k  was more d i f f i c u l t  than  
o r i g i n a l  l e a r n in g  (F = 2 9 .6 5 1 ; . d f = 1 ,1 2 ;  p < .0 1 ;  1^= . 8 4 ) .  The 
i n t e r a c t i o n  o f  t h e  number o f  cues and t h e  v a lu e  o f  cues was 
m o d e ra te ly  l a rg e  (F=3 .484 ;  d f = 1 , 1 2 ;  p > .0 5 ,  £ m= . 4 7 ) ,  a g a in  w i t h  
a l a r g e r  d i f f e r e n c e  between one cue and two cue g roups  when t h e  
cues were n e g a t i v e .  The i n t e r a c t i o n  o f  cue v a lu e  o v e r  r e v e r s a l s  
was la rg e  (F=13 .629 ;  d f = 1 ,12 ;  p < .01 ;  —m= . 7 3 ) .  An a n a l y s i s  o f  
t h e  s im p le  main e f f e c t s  showed t h a t  t h e  g roups  t r a i n e d  t o  p o s i t i v e  
cues r e q u i r e d  more t r i a l s  t o  l e a rn  t h e  r e v e r s a l  th a n  t h e  o r i g i n a l  
t a s k  (F=16 .546 ;  d f = 1 , 1 2 ;  p < . 0 1 ;  £ ^ = .7 6 ) *  The d i f f e r e n c e  in  
pe r fo rm ance  d u r i n g  o r i g i n a l  t r a i n i n g  and r e v e r s a l  f o r  t h e  g roups  
t r a i n e d  t o  n e g a t i v e  cues was n e g l i g i b l e  (F < I ;  d f = 1 , 1 2 ) .  In 
o r i g i n a l  t r a i n i n g ,  t h e  p o s i t i v e  cues were more r e a d i l y  lea rned  than  
t h e  n e g a t i v e  cues (F=18 .598 ;  d f = 1 ,1 2 ;  p < . 0 1 ) ;  w h i l e  in  r e v e r s a l ,  
t h e  d i f f e r e n c e  was n e g l i g i b l e  (F < 1; d f = l , 1 2 ) .
Pi scuss ion
<
The r e s u l t s  f o r  o r i g i n a l  t r a i n i n g  i n d i c a t e  t h a t  r a t s  le a rn  t o
approach  a p o s i t i v e  s t im u lu s  more r a p i d l y  than  th e y  le a rn  t o  a v o id  
a s t r o n g  n e g a t i v e  s t i m u l u s  ( o r  approach th e  absence o f  t h e  s t r o n g  
c u e s ) ;  r a t s  a l s o  le a rn  a d i s c r i m i n a t i o n  f a s t e r  when two r e l e v a n t  
cues a r e  a v a i l a b l e  th a n  when o n l y  one cue i s  a v a i l a b l e .  In 
r e v e r s a l  t r a i n i n g ,  t h e  i n f o r m a t i o n  v a lu e  o f  t h e  cues has no e f f e c t  
on t h e  r a t e  o f  l e a r n i n g ,  w h i l e  t h e  p resence o f  two r e l e v a n t  
cues f a c i l i t a t e s  r e v e r s a l  l e a r n i n g  as compared w i t h  t h e  p resence 
o f  one r e l e v a n t  cue.
The f a i l u r e  o f  t h e  S-  g roup t o  l e a rn  and t h e  s u p e r i o r  
pe r fo rm ance  o f  t h e  LS- g roup o v e r  t h e  L-  group s ugg es t  t h e  
p o s s i b i l i t y  t h a t  t h e  f a s t e r  l e a r n i n g  by t h e  two cue g roups  may be 
due t o  someth ing  o t h e r  th a n  s im p l y  an in c rea s ed  p r o b a b i l i t y  o f  
a t t e n d i n g  t o  a r e l e v a n t  cue.  An im a ls  co u ld  no t  l e a rn  t o  a v o id  
t h e  sound a l o n e ,  b u t  when a n e g a t i v e  sound cue was p a i r e d  w i t h  a 
n e g a t i v e  l i g h t  c u e ,  t h e  g roup  t r a i n e d  w i t h  bo th  cues lea rned  
f a s t e r  th a n  t h e  group t r a i n e d  t o  l i g h t  a lo n e .  One p o s s i b i l i t y  
f o r  a cue wh ich  c o u ld  no t  be lea rned  a lo n e  be ing  a b le  t o  f a c i l i t a t e  
l e a r n i n g  when p a i r e d  w i t h  a n o th e r  cue i s  t h a t  t h e  presence o f  
one cue f a c i l i t a t e d  l e a r n i n g  abo u t  t h e  o t h e r .  The sound c o u ld  
have inc rea sed  t h e  a n im a ls *  a c t i v i t y  in  such a way t h a t  s t i m u l u s  
d im en s ion s  were sampled a t  a f a s t e r  r a t e ,  i n c r e a s in g  t h e  p r o b a b i l i t y  
o f  a t t e n d i n g  t o  t h e  r e l e v a n t  l i g h t  cue s oone r .  Were t h i s  t h e  
case ,  t h e  LS g roups  in  t h e  f i r s t  e x p e r im e n t  shou ld  have learned  
f a s t e r  th a n  t h e  L g ro u p s ,  because t h e  sound cues were p r e s e n t  and 
hea rd ;  b u t  t h e  l e a r n i n g  pe r fo rm ances  o f  t h e  g roups  were (p r a c t i c a I  Iy 
i d e n t i c a l ,  s u g g e s t i n g  t h a t  such an a c t i v i t y  in c re a s e  was no t
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r e s p o n s ib l e  f o r  t h e  f a s t e r  l e a r n i n g .  A n o th e r  p o s s i b i l i t y  f o r  
t h e  f a s t e r  l e a r n i n g  by t h e  two cue group i s  t h a t  t h e  approach o r  
avo idance  t e n d e n c ie s  o f  t h e  two cues summed, y i e l d i n g  more 
i n t e n s e  approach s t r e n g t h  o r  avo idance  s t r e n g t h ;  t h e  cues would 
n o t  compete because t h e  cues were e i t h e r  bo th  p o s i t i v e  o r  bo th  
n e g a t i v e .  Such a summation would im p ly  a c o m p e t i t i o n  i f  one cue 
was p o s i t i v e  and t h e  o t h e r  n e g a t i v e .  An im a ls  t r a i n e d  w i t h  each 
cue p o s i t i v e ,  each cue n e g a t i v e ,  o r  one p o s i t i v e  and one n e g a t i v e ,  
shou ld  l e a rn  a t  d i f f e r e n t  r a te s  i f  t h e  approach and avo idance  
t e n d e n c ie s  t o  t h e  cues summate, compete ,  o r  a c t  i n d e p e n d e n t l y .
EXPERIMENT THREE
The purpose o f  t h i s  e x p e r im e n t  was t o  i n v e s t i g a t e  t h e  p o s s i b l e  
d i f f e r e n c e s  in  r a t e s  o f  l e a r n i n g  and re v e r s a I  f o r  g roups  t r a i n e d  
on bo th  l i g h t  and sound cues when th e  cues were bo th  on t h e  same 
s i d e  and e i t h e r  p o s i t i v e  o r  n e g a t i v e  o r  one on each s i d e  w i t h  one 
p o s i t i v e  and t h e  o t h e r  n e g a t i v e .  I f  t h e  r e s u l t s  o f  e x p e r im e n t  two 
were a consequence o f  hav ing  bo th  cues on t h e  same s i d e ,  t h e  
r a t e  o f  r e v e r s a l  f o r  g roups  w i t h  bo th  cues on one doo r  sh o u ld  be 
d i f f e r e n t  f rom  t h e  r a t e  o f  r e v e r s a l  f o r  the  g roups  w i t h  one cue 
on each s i d e .  Tendenc ies  t o  approach and a v o id  p o s i t i v e  and 
n e g a t i v e  cues and c o m b in a t io n s  o f  p o s i t i v e  and n e g a t i v e  cues 
were a l s o  examined.
The s t i m u l i  were th e  same as were used in  t h e  second e x p e r im e n t .  
A n im a ls  were a s s igned  t o  one o f  f o u r  cue -p Iacem en t  c o n d i t i o n s .
The LS+ group re c e iv e d  bo th  cues on t h e  same s i d e ,  and t h e  cues 
were p o s i t i v e ;  t h e  LS- g roup a l s o  re c e iv e d  both  cues on th e  same 
s i d e ,  b u t  t h e y  were on t h e  unrewarded d oo r .  The L+S- group 
r e c e iv e d  t h e  l i g h t  cue on t h e  rewarded door  and t h e  sound cue 
on t h e  unrewarded d o o r ,  and t h e  L-S+ group r e c e iv e d  t h e  l i g h t  
cue as n e g a t i v e  and th e  sound cue as p o s i t i v e .
R e s u I t s
The r e s u l t s  a re  p l o t t e d  in  F ig u re  3 f o r  t r i a l s  t o  c r i t e r i o n  
in  o r i g i n a l  t r a i n i n g  and r e v e r s a l .  A 2X2 a n a l y s i s  o f  v a r i a n c e  o f  
v a lu e  o f  t h e  l i g h t  cue by v a lu e  o f  t h e  sound cue showed t h a t  in
30
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MEAN TRIALS TO CRITERION IN TRAINING AND REVERSAL FOR RATS TRAINED 
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o r i g i n a l  t r a i n i n g ,  groups t r a i n e d  w i t h  t h e  l i g h t  as a p o s i t i v e  
cue learned  f a s t e r  th a n  g roups  t r a i n e d  w i t h  t h e  l i g h t  as a 
n e g a t i v e  cue (F=5 .335 ;  d f  = 1 ,16 ;  p < .0 5 ;  - ^ “ . 5 0 ) .  S i m i l a r l y ,  
g roups  t r a i n e d  w i t h  t h e  sound p s s i t i v e  le a rn ed  f a s t e r  than  t h e  
group t r a i n e d  w i t h  t h e  sound n e g a t i v e  (F=10.083 ;  d f = 1 ,1 6 ;  p < .0 1 ;
1^=  . 6 2 ) .  The i n t e r a c t i o n  between v a lu e  o f  t h e  l i g h t  cue and t h e  
v a lu e  o f  t h e  sound cue was n e g l i g i b l e  (F < 1; d f = 1 , 1 6 ) .
A s i m i l a r  a n a l y s i s  o f  r e v e r s a l  showed t h a t  in  r e v e r s a l ,  t h e  
a n im a ls  O r i g i n a l l y  t r a i n e d  w i t h  t h e  l i g h t  as a n e g a t i v e  cue
tended t o  l e a rn  t h e  r e v e r s a l  f a s t e r  (F= 2 .4 0 ;  d f  = 1 ,16 ;  p > .10 ;
r. = . 3 6 ) .  There  was l i t t l e  d i f f e r e n c e  between r a t e  o f  r e v e r s a l
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f o r  a n im a ls  t r a i n e d  w i t h  t h e  sound e i t h e r  p o s i t i v e  o r  n e g a t i v e  
(F < 1; d f = 1 , 1 6 ) .  The i n t e r a c t i o n  o f  t h e  v a lu e  o f  t h e  two cues 
was s l i g h t  (F= 1 .22 ;  d f = 1 ,1 6 ;  p > . 2 5 , 1 * = • 2 7 ) .
A s e p a ra te  s i n g l e  f a c t o r  a n a l y s i s  o f  v a r i a n c e  showed t h a t
t h e  number o f  p o s i t i v e  cues a v a i l a b l e  had an e f f e c t  on th e  r a t e
o f  l e a r n i n g  in  ihe o r i g i n a l  t a s k  (F=7 .819 ;  d f = 2 , 1 7 ;  p < .01 ;  ^ = . 6 9 ) .
The g roups  t r a i n e d  w i t h  two p o s i t i v e  and no n e g a t i v e  cues (LS+)
lea rned  f a s t e r  th a n  t h e  g roups  t r a i n e d  w i t h  one p o s i t i v e  and one
n e g a t i v e  cue (L+S- and L-S+) ( t - t e s t :  t = 2 . 3 3 ;  d f= 1 3 ;  p < .0 5 ;  —m= .6 0 )
t h e  one p o s i t i v e  -  one n e g a t i v e  cue g roups  (L+S- and L- S+)
lea rned  f a s t e r  th a n  t h e  no p o s i t i v e  -  two n e g a t i v e  cue group (LS- )
( t - t e s t :  t = 2 . 1 4 ;  d f= 1 3 ;  p < .10 ;  £ ^ = . 5 5 ) .  There  was no d i f f e r e n c e
between t h e  one p o s i t i v e  -  one n e g a t i v e  cue g roups  (L+S- and
L-S+) ( t - t e s t :  t  <1;  d f= 8 ;  p > .25 ;  L  = . 1 8 ) .r  EL 1
A t r e a t m e n t  ( l i g h t  cue v a lu e )  by t r e a t m e n t  (sound cue p lacem ent )
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by t r e a t m e n t  ( t a s k )  by s u b j e c t s  a n a l y s i s  o f  v a r i a n c e  i n d i c a t e d
t h a t  o v e r  o r i g i n a l  t r a i n i n g  and r e v e r s a I , t h e  l o c a t i o n  o f  t h e
cues w i t h  r e s p e c t  t o  each o t h e r  made no d i f f e r e n c e  (F < 1; d f = 1 , 1 6 ) ;
s i m i l a r l y  ac ross  r e v e r s a l s ,  no d i f f e r e n c e  r e s u l t e d  f rom  t h e  cues
be ing  p o s i t i v e  o r  n e g a t i v e  (F < 1 ; d f = 1 , 1 6 ) .  The r e v e r s a l  was
an a p p r e c i a b l y  more d i f f i c u l t  t a s k ( F = 5 8 . 117; d f = 1 ,1 6 ;  p < . 0 1 , £ ^ = . 8 8 ) .
The i n t e r a c t i o n  between r e v e r s a l  and th e  v a lu e  o f  t h e  l i g h t
cue was la rg e  (F=8 .595 ;  d f = 1 , 1 6 ;  p < .01 ;  —m= . 5 9 ) ;  t e s t s  f o r
s im p le  main e f f e c t s  showed t h e  d i f f e r e n c e  in  pe r fo rm ance  between
o r i g i n a l  t r a i n i n g  and r e v e r s a l  was g r e a t e r  f o r  g roups  t r a i n e d
w i t h  t h e  l i g h t  as p o s i t i v e  (F=57 .862 ,  d f = 1 ,1 6 ;  p < .01 ;  ~m= .8 8 )
th a n  f o r  g roups  t r a i n e d  w i t h  t h e  l i g h t  as n e g a t i v e  ( F=1 0 -0 7 7 ;d f = 1 ,1 6 ;
p < .0 1 ;  £ ^ = . 6 2 ) .  The d i f f e r e n c e  between g roups  t r a i n e d  w i t h
t h e  l i g h t  p o s i t i v e  o r  w i t h  t h e  l i g h t  n e g a t i v e  was no t  as la rg e
in  c r i g i n a l  t r a i n i n g  (F=2 .207 ;  d f = 1 ,1 6 ;  p > .10 ;  1^=  .35)  as
d u r i n g  r e v e r s a l  (F=3 .802 ;  d f = 1 , 1 6 ;  p < .10 ;  £ ^ = . 4 4 ) .  The
i n t e r a c t i o n  o f  l i g h t  cue v a l u e ,  sound cue l o c a t i o n ,  and t a s k  was
a l s o  la rg e  (F=8 .789 ;  d f = 1 , 1 6 ;  p < .01 ;  £ ^ = . 5 9 ) .  A t e s t  f o r  s im p le
main e f f e c t s  showed t h a t  t h i s  t h r e e  way i n t e r a c t i o n  was l a r g e l y
due t o  t h e  i n t e r a c t i o n  o f  l i g h t  cue v a lu e  o v e r  r e v e r s a l  f o r
g roups  t r a i n e d  w i t h  t h e  l i g h t  and sound cues on t h e  same s id e
(F=16 .757 ;  d f = 1 ,1 6 ;  p < . 0 1 ,  £^=  . 7 1 ) ,  wh ich shows t h a t  t h e
d i f f e r e n c e  between o r i g i n a l  t r a i n i n g  and r e v e r s a l  was la rg e  f o r
t h e  group t r a i n e d  w i t h  t h e  p o s i t i v e  cues (F=38.235 ;  d f  —1 , 1 6 ; p < .01 ;
- ^ = . 8 3 )  and n e g l i g i b l e  f o r  t h e  g roups  t r a i n e d  w i t h  n e g a t i v e  cues 
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(F < 1; d f = 1 , 1 6 ) .  The i n t e r a c t i o n  o f  sound cue l o c a t i o n  o v e r
r e v e r s a l  was moderate  (F=3 .042 ;  d f '=1,16; p > .10 ;  —m- . 3 9 ) ,  w i t h  
t h e  d i f f e r e n c e  between g roups  t r a i n e d  w i t h  t h e  cues on th e  same 
s i d e  o r  on d i f f e r e n t  s i d e s  t e n d i n g  t o  be g r e a t e r  in  r e v e r s a I  than  
i n o r i g  i na I t r a  i ni ng .
Pi s c u s s i  on
The r e s u l t s  o f  t h e  t h i r d  e x p e r im e n t  i n d i c a t e  t h a t  t h e  r a t e  
o f  l e a r n i n g  in  o r i g i n a l  t r a i n i n g  was e f f e c t e d  by t h e  v a lu e s  o f  
t h e  a v a i l a b l e  cues ,  b u t  n e i t h e r  l e a r n i n g  no r  r e v e r s a !  was 
in f l u e n c e d  by t h e  r e l a t i v e  p lacem ent  o f  t h e  cues .  An im a ls  tended 
t o  l e a rn  t h e  o r i g i n a l  t a s k  f a s t e r  i f  t h e  l i g h t  served as a p o s i t i v e  
cue r e g a r d l e s s  o f  th e  l o c a t i o n  o f  o r  t h e  i n f o r m a t i o n  g i v e n  by 
t h e  sound cue ;  s i m i l a r l y ,  a n im a ls  lea rned  t h e  o r i g i n a l  t a s k  f a s t e r  
when t h e  sound cue was p o s i t i v e .  In o r i g i n a l  t r a i n i n g ,  l e a r n in g  
was f a s t e r  when t h e r e  was a p o s i t i v e  cue a v a i l a b l e .  The i n t e r a c t i o n  
o f  cue v a lu e s  i s  a t e s t  o f  d i f f e r e n c e s  in  l e a r n in g  when t h e  l i g h t  
and sound cues were on t h e  same door  o r  on d i f f e r e n t  d o o rs .  There  
were no d i f f e r e n c e s  in  l e a r n in g  o r  r e v e r s a l  between g roups  t r a i n e d  
w i t h  bo th  l i g h t  and sound cues on t h e  same s i d e  and g roups  t r a i n e d  
one cue on each s i d e .
The i n t e r a c t i o n  o f  cue v a lu e  a c ross  r e v e r s a l s  i s  seen in  
F i g u r e  3,  where t h e  group t r a i n e d  w i t h  bo th  cues as n e g a t i v e  (LS - )  
le a rn ed  t h e  r e v e r s a l  in  e s s e n t i a l l y  t h e  same number o f  t r i a l s  as 
was r e q u i r e d  t o  le a rn  t h e  o r i g i n a l  t a s k ,  w h i l e  a l l  o t h e r  g roups  
r e q u i r e d  more t r i a l s  t o  l e a rn  t h e  r e v e r s a l .  T h i s  l a rg e  d i f f e r e n c e
between t h e  LS- group and th e  o t h e r  t h r e e  g roups  d u r i n g  r e v e r s a I
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may be l a r g e l y  r e s p o n s ib l e  f o r  t h e  i n t e r a c t i o n  o f  p lacem ent  o f  t h e
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sound cue and o r i g i n a l  v a lu e  o f  t h e  l i g h t  cue o v e r  l e a r n in g  
and r e v e r s a l .  T h i s  d i f f e r e n c e  f u r t h e r  s u p p o r ts  t h e  n o t i o n  t h a t  
approach cues a re  more e a s i l y  y a rn e d ,  as t h e  LS- g roup was 
r e q u i r e d  t o  approach bo th  l i g h t  and sound d u r i n g  r e v e r s a l .  A l s o ,  
t h e  la c k  o f  n e g a t i v e  t r a n s f e r  f o r  t h e  LS- g roup in  r e v e r s a l  
i n d i c a t e s  t h a t  an e x t i n c  t i o n  o f  th e  avo idance  response ( i . e . ,  
a v o i d i n g  t h e  l i g h t  and sound) was n o t  a d i f f i c u l t  t a s k .
DISCUSSION
The r e s u l t s  o f  t h e s e  e x p e r im e n ts  i n d i c a t e  t h a t  when two 
r e l e v a n t  cues a re  a v a i l a b l e  in  o r i g i n a l  t r a i n i n g  and r e v e r s a l ,  
l e a r n i n g  oc c u rs  more r a p i d l y  bo th  in  t h e  o r i g i n a l  t a s k  and in  
r e v e r s a l  th a n  when one r e l e v a n t  cue i s  p r e s e n t .  T h i s  s u p p o r t s  
t h e  idea  t h a t  pe r fo rm ance  in  a r e v e r s a I  l e a r n in g  t a s k  i s  e f f e c t e d  
by t h e  p r o b a b i l i t y  o f  a t t e n d i n g  t o  a r e l e v a n t  cue d im en s ion .
F u r t h e r ,  th e s e  r e s u l t s  show t h a t  an im a ls  l e a rn  t o  approach 
p o s i t i v e  cues more r a p i d l y  th a n  th e y  le a rn  t o  av o id  n e g a t i v e  
cues ( o r  le a rn  n o t  t o  approach n e g a t i v e  c u e s ) ,  and t h a t  approach 
t o  p r e v i o u s l y  n e g a t i v e  cues i s  learned f a s t e r  than  avo idance  o f  
p r e v i o u s l y  p o s i t i v e  ones.  T h i s  f i n d i n g  i s  n o t  c o n s i s t e n t  w i t h  
t h e  n o t i o n  t h a t  pe r fo rm ance  in  r e v e r s a l  l e a r n in g  i s  dependent  
upon and made d i f f i c u l t  by t h e  e x t i n c t i o n  o f  t h e  avo idance  
response t o  t h e  p r e v i o u s l y  n e g a t i v e  cue (Df Amato and Jagoda,  1960, 
1961, 1962) .
Proponen ts  o f  t h e  two s ta g e  models o f  d i s c r i m i n a t i o n  l e a r n in g  
argue  t h a t  d i s c r i m i n a t i o n  l e a r n i n g  i n v o lv e s  sam p l ing  o f  t h e  
a v a i l a b l e  s t i m u l i  and s e l e c t i o n  o f  t h e  r e l e v a n t  s t i m u l i ,  and t h a t  
t h a  r a t e  o f  l e a r n i n g  i s  a f u n c t i o n  o f  t h e  i n i t i a l  p r o b a b i l i t y  o f  
a t t e n d i n g  t o  t h e  r e l e v a n t  d im ens ion  and t h e  r a t e  a t  wh ich t h e  
s t r e n g t h  o f  a t t e n d i n g  t o  t h e  r e l e v a n t  d imens ion  in c re a s e s  a f t e r
c o r r e c t  c h o i c e s .  The two p rocess  models e x p l a i n  t h e  ORE and can
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p r e d i c t  t h e  c o n d i t i o n s  o f  i t s  o c c u r re n c e  in  te rms  o f  t h e  p r o b a b i l i t y
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o f  a t t e n d i n g  t o  t h e  r e l e v a n t  d im ens ion  a t  t h e  b e g in n in g  o f  
r e v e r s a l  and th e  r a t e  o f  change in  t h e  s t r e n g t h  o f  t h e  a t t e n d in g  
response .  T h i s  e x p e r im e n t  v a r i e d  th e  a v a i l a b i l i t y  o f  r e l e v a n t  
cues a t  t h e  o u t s e t  o f  r e v e r s a l  by m a n ip u la t i n g  th e  number o f  
r e l e v a n t  cues p r e s e n t .  S ince  t h e  p r o b a b i l i t y  o f  a t t e n d i n g  t o  
each d im en s ion  was a t  some i n i t i a l  v a lu e  a t  t h e  o u t s e t  o f  l e a r n i n g ,  
t h e  a n im a ls  t r a i n e d  w i t h  two  r e l e v a n t  cues were more l i k e l y  t o  
sample r e l e v a n t  cues e a r l y  in  t r a i n i n g  and tended t o  le a rn  t h e  
d i s c r i m i n a t i o n  sooner  than  a n im a ls  t r a i n e d  w i t h  o n l y  one cue 
r e l e v a n t  and a lower  i n i t i a l  p r o b a b i l i t y  o f  a t t e n d i n g  t o  a r e l e v a n t  
cue .  T h i s  i s  t h e  i n t e r p r e t a t i o n  f o r  t h e  a d d i t i v i t y  o f  cues 
o f f e r e d  by S u th e r l a n d  and H o lg a te  (1966 ) .  In r e v e r s a l ,  t h e  g roups  
t r a i n e d  w i t h  two r e l e v a n t  cues were a ga in  more l i k e l y  t o  a t t e n d  
t o  a r e l e v a n t  cue e a r l i e r  in  r e v e r s a l  and le a rn  t h e  t a s k  more 
r a p i d l y  than  t h e  groups re v e rs e d  w i t h  o n l y  one r e l e v a n t  cue.  S ince 
in  o r i g i n a l  t r a i n i n g  t h e  a n im a ls  were a l l  t r a i n e d  o n l y  t o  a 
l e n i e n t  c r i t e r i o n  o f  9 o u t  o f  10 c o r r e c t  ( r a t h e r  th a n  o v e r t r a i n e d ) ,  
t h e  a t t e n d i n g  response would n o t  have ga ined  maximum s t r e n g t h  and 
would  lose  s t r e n g t h  r e a d i l y  d u r i n g  r e v e r s a l  as the  c h o ic e  responses 
were unrewarded .  As t h e  d im ens ion  used d u r i n g  t r a i n i n g  l o s t  
s t r e n g t h  in  r e v e r s a l  because t h e  i n c o r r e c t  responses made t o  i t  
decreased t h e  p r o b a b i l i t y  o f  t h e  a n i m a l s ’ a t t e n d i n g  t o  t h a t  
d im e n s io n ,  t h e  animaI wouId b eg in  t o  sample o t h e r  d im e n s io n s .  
Le a rn in g  t h e  r e v e r s a l  by t h e  one cue g roups  depended upon t h e  
r e s a m p l in g  o f  a d im ens ion  t o  wh ich a t t e n d i n g . had been e x t i n g u i s h e d '  
e a r l i e r  in  t h e  t a s k .  L e a rn ing  t h e  r e v e r s a l  by t h e  two <pue groups 
c o u ld  o c c u r  in  a f a s h io n  s i m i l a r  t o  t h a t  necessary  f o r  l e a r n in g  by
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t h e  one cue g roup s ;  o r  i t  c o u ld  o c c u r  by t h e  a n im a ls  sam p l ing  
t h e  o t h e r  r e l e v a n t  d im ens ion  and e i t h e r  l e a r n in g  t o  respond t o  
t h a t  d im ens ion  o r  l e a r n in g  t h a t  t h e  o l d  d imens ion  was s t i l l  
r e l e v a n t  w h i l e  re s pon d ing  t o  t h e  newly sampled d im e n s io n .  The 
two cue g ro u p s ,  t h e n ,  had a h i g h e r  p r o b a b i l i t y  o f  respon d ing  t o  
a r e l e v a n t  cue d u r i n g  r e v e r s a l ,  and a h i g h e r  p r o b a b i l i t y  o f  
l e a r n i n g  t h e  r e v e r s a l  s oone r .
The argument t h a t  t h e  c o n t r o l  o f  respond ing  changed because 
o f  d i f f e r e n t i a l  e x p e r i e n c e  w i t h  t h e  cues d u r i n g  t h e  l a t t e r  p a r t  
o f  t r a i n i n g  does n o t  e x p l a i n  th e  f a s t e r  r e v e r s a l  l e a r n in g  by t h e  
two cue groups because a l l  a n im a ls  were t r a i n e d  o n l y  t o  c r i t e r i o n  
and t h e  e x p e r i e n c e  w i t h  p o s i t i v e  o r  n e g a t i v e  cues a t  t h e  end o f  
o r i g i n a l  t r a i n i n g  was e s s e n t i a l l y  t h e  same f o r  one cue g roups  and 
two cue g roup s .  The f a s t e r  r e v e r s a l  o f  t h e  two cue group co u ld  
have been due t o  in c rea sed  p r o b a b i l i t y  o f  sam p l ing  one cue because 
o f  t h e  p resence o f  t h e  o t h e r ;  b u t  t h e  i d e n t i c a l  pe r fo rm ance  o f  one 
and two cue g roups  in  t h e  f i r s t  e x p e r im e n t ,  where an im a ls  were 
n o t  a b l e  t o  l e a rn  t h e  sound cue a l t h o u g h  th e y  c o u ld  c l e a r l y  hear  
i t ,  would  i n d i c a t e  t h a t  a h i g e r  sam p l ing  r a t e  was n o t  r e s p o n s ib l e  
f o r  t h e  r e s u l t s  o f  t h e  second e x p e r im e n t .  A n o th e r  p o s s i b i l i t y  
i s  t h a t  re d u n d a n t  cues ,  cues t h a t  g i v e  th e  same i n f o r m a t i o n ,  summate 
in  such a f a s h io n  as t o  i n c r e z s e  t h e  reward o p e r a t o r s  f o r  t h e  
response s t r e n g t h .  The t h i r d  e x p e r im e n t  suggested t h a t  t h i s  was 
n o t  t h e  case ,  s i n c e  a n im a ls  t r a i n e d  w i t h  redundan t  approach cues 
o r  redun dan t  avo idan ce  cues d i d  no t  l e a rn  th e  o r i g i n a l  t a s k  o r  
t h e  r e v e r s a l  more r a p i d l y  th an  an im a ls  t r a i n e d  w i t h  one approach
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cue and one avo idance  cue.
In e x p e r im e n t  one, t h e  g roups  t r a i n e d  t o  sound o n l y  were no t  
a b l e  t o  l e a rn  t h e  o r i g i n a l  t a s k ,  and th e  l i g h t  cue and two cue 
g roups  lea rned  bo th  t h e  o r i g i n a l  t a s k  and t h e  r e v e r s a l  a t  abo u t  
t h e  same r a t e .  In e x p e r im e n t  tw o ,  t h e  groups t r a i n e d  t o  approach 
t h e  sound a lo n e  were a b le  t o  l e a rn  t h e  t a s k ,  and th e  two cue g roups  
le a rn ed  t h e  o r i g i n a l  t a s k  and r e v e r s a l  f a s t e r  than  t h e  one cue 
g ro u p s .  The d i f f e r e n c e  between t h e  f i r s t  and second e x p e r im e n ts  
in  t h e  l o c a t i o n  o f  t h e  sound s t i m u l u s  p r o v id e s  some i n f o r m a t i o n  
r e l a t i n g  t o  one and two s ta g e  models o f  d i s c r i m i n a t i o n  l e a r n i n g .  
S ince  l e a r n i n g  o c c u r re d  t o  t h e  sound in  t h e  second e x p e r im e n t  
b u t  n o t  in  t h e  f i r s t , t h e  l o c a t i o n  o f  t h e  s t i m u l u s  may have been 
im p o r t a n t  t o  t h e  l e a r n in g  o f  t h e  t a s k .  A one s ta g e  model would 
have d i f f i c u l t y  e x p l a i n i n g  a d i f f e r e n c e  between t h e  two t a s k s  
because t h e  a n im a ls  co u ld  hea r  and respond t o  t h e  same p h y s i c a l  
s t im u lu s  in  bo th  e x p e r im e n ts ,  i n d i c a t i n g  t h a t  p re v io u s  e x p e r i e n c e  
w i t h  sound had n o t  e x t i n g u i s h e d  a tendency  t o  respond t o  t h e  
sound.  The response r e q u i r e m e n ts  t o  th e  sound were t h e  same in  
bo th  e x p e r im e n ts  -  approach o r  a v o id  t h e  sound.  A one s ta g e  model 
would  have i n c o r r e c t l y  p r e d i c t e d  le a r n in g  o f  t h e  sound o n l y  cue 
in  e x p e r im e n t  one and s u p e r i o r  pe r fo rm ance  f o r  t h e  two cue g roups  
in  bo th  e x p e r im e n ts .  The two s ta g e  mode l,  however ,  would sug g e s t  
t h a t  t h e  d i f f e r e n c e s  in  l e a r n i n g  f o r  t h e  two e x p e r im e n ts  may 
have been due t o  d i f f e r e n t  p r o b a b i l i t i e s  o f  a t t e n d i n g  t o  t h e  
sound in  each e x p e r im e n t ,  wh ich  sugges ts  t h a t  d i f f e r e n t  d imens ions  
may have been i n v o lv e d  in  each e x p e r im e n t  -  t h e  f i r s t  e x p e r im e n t  
may have r e q u i r e d  app ro a c h in g  o r  a v o id i n g  t h e  more in te n s e  sound,
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w h i l e  t h e  second e x p e r im e n t  may have r e q u i r e d  app ro ach in g  o r  
a v o i d i n g  th e  sound s o u rc e .  A two s tage  model would p r e d i c t  t h a t  
l e a r n in g  o r  f a c i l i t a t i o n  would n o t  o c c u r  i f  t h e  p r o b a b i l i t y  o f  
a t t e n d i n g  was e x t re m e ly  low.
AI I t h r e e  e x p e r im e n ts  found t h a t  approach t o  t h e  cues was 
lea rned  more r a p i d l y  than  avo idance  o f  t h e  cues ,  and in  th e  
second e x p e r im e n t  (one vs .  two cues)  and t h e  t h i r d  e x p e r im e n t ( c u e s  
t o g e t h e r  vs .  cues a p a r t ) ,  t h e  LS- g roups  lea rned  t h e  r e v e r s a l  
f a s t e r  th a n  t h e  o t h e r  g roups .  The approach t e n d e n c ie s  may 
have been s t r o n g e r  because the  cue d imens ions  as used c o r r e l a t e d  
h ig h  and low l e v e l s  o f  senso ry  s t i m u l a t i o n  w i t h  t h e  p o s s i b l e  
c h o i c e  responses .  A tendency  t o  approach h i g h e r  l e v e l s  o f  
s t i m u l a t i o n  c o u ld  r e s u l t  f rom  th e  p re v io u s  e x p e r i e n c e  o f  a n im a ls ;  
r e i n f o r c e m e n t  may be g e n e r a l l y  a s s o c ia te d  w i t h  t h e  maximum 
amount o f  e n v i ro n m e n ta l  s t i m u l u s  change o r  c o n t r a s t  a v a i l a b l e .
T ha t  f o o d ,  w a t e r ,  o r  o t h e r  a c t i v i t i e s  have been a s s o c ia te d  w i t h  
t h e  absence o f  s t i m u l a t i o n  s e e m s - u n i i k e l y ;  in  f a c t ,  t h e  search  
f o r  r e i n f o r c e m e n t  i n  p la c e s  l a c k in g  senso ry  s t i m u l a t i o n  may have 
been e x t i n g u i s h e d  by e x p e r i e n c e .  An im a ls  r e q u i r e d  t o  a v o id  th e  
n e g a t i v e  cues may have been,  in  e f f e c t ,  in  a r e v e r s a l  t a s k  d u r i n g  
o r i g i n a l  t r a i n i n g ,  and a v o i d i n g  t h e  n e g a t i v e  cues may have f i r s t  
r e q u i r e d  e x t i n c t i o n  o f  approach t o  t h o s e  cues .  The la ck  o f  
n e g a t i v e  t r a n s f e r  f o r  th e  LS- g roups  in  r e v e r s a l ,  i n d i c a t e d  by 
t h e  i n t e r a c t i o n s  in  e x p e r im e n ts  two and t h r e e ,  sugg es ts  t h a t  
t h e  avo idan ce  response ,  once le a rn e d ,  was more e a s i l y  e x t i n g u i s h e d  
th a n  t h e  approach responses le a rned  by t h e  o t h e r  , g ro u p s .  The 
tendency  f o r  a n im a ls  t o  approach th e  l i g h t  cue o r  t h e  sound cue
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r e g a r d l e s s  o f  t h e  v a lu e  o f  t h e  o t h e r  in  e x p e r im e n t  t h r e e  sugges ts  
t h a t  t h e  response made t o  one .cue  i s  independen t  o f  t h e  response 
r e q u i r e d  t o  a n o th e r ,  wh ich  agrees w i t h  t h e  s u g g e s t i o n  o f  R o t h b la t  
and W i l s o n  t h a t  a n a l y z i n g  mechanisms may be m o d a l i t y  s p e c i f i c ,  
and may be i n t e r p r e t e d  as f u r t h e r  i n d i c a t i o n  t h a t  a n im a ls  le a rn  
t o  approach th e  s t i m u l i  in  a d i s c r i m i n a t i o n  s i t u a t i o n . '  The 
r e s u l t s  shown in  F i g u r e  3 s u p p o r t  t h e s e  n o t i o n s ,  s in c e  t h e  r e l a t i v e  
p lacem en t  o f  t h e  cues did no t  e f f e c t  t h e  r a t e  o f  o r i g i n a l  l e a r n in g  
o r  r e v e r s a l  w h i l e  t h e  response  r e q u i r e d  t o  th e  i n d i v i d u a l  cues 
d i d ,  w i t h  approach be ing  lea rned  more r a p i d l y  th a n  a v o id a n c e .  The 
a vo idan ce  responses r e q u i r e d , however , may be seen e i t h e r  as 
l e a r n i n g  t o  approach t h e  n o n - p r e f e r r e d  o r  weaker s t im u lu s  o r  as 
l e a r n i n g  t o  a c t i v e l y  a v o id  th e  n e g a t i v e  cue.  The d i f f i c u l t y  in  
l e a r n i n g  avo idance  o f  t h e  n e g a t i v e  cues in  these  e x p e r im e n ts  may 
have been due t o  a la c k  o f  pronounced e n v i ro n m e n ta l  change 
a s s o c ia t e d  w i t h  t h e  n e g a t i v e  cues ( i n  c o n t r a s t  t o  t h e  p o s i t i v e  cues 
wh ich  were a s s o c ia te d  w i t h  r e w a r d ) .  Had th e  n e g a t i v e  cues been 
a s s o c ia t e d  w i t h  e x p l i c i t  pun ishm ent  ( s h o c k ) ,  t h e  r o l e  o f  t h e  n e g a t i v e  
cues may have been g r e a t e r .
The t h i r d  e x p e r im e n t  p r o v id e s  a n o th e r  t e s t  o f  t h e  e f f e c t s  o f  
t h e  number o f  cues in  d i s c r i m i n a t i o n  l e a r n i n g .  P o s i t i v e  cues 
were lea rned  f a s t e r  than  n e g a t i v e  cues ,  and l e a r n i n g  was f a s t e r  
when more p o s i t i v e  cues were a v i i l a b l e .  A l l  g roups  were t r a i n e d  
w i t h  two cues ,  and th e  g roups  t r a i n e d  w i t h  bo th  cues p o s i t i v e  
lea rned  f a s t e r  th a n  groups t r a i n e d  w i t h  one cue p o s i t i v e  and one 
cue n e g a t i v e ,  w h ic h ,  in  t u r n ,  lea rned  f a s t e r  than  th e  group t r a i n e d  
w i t h  bo th  cues n e g a t i v e .  L i t t l e  d i f f e r e n c e  r e s u l t e d  f rom  which
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o f  t h e  two cues was p o s i t i v e  f o r  t h e  g roups  w i t h  one p o s i t i v e  and 
one n e g a t i v e  cue.  T h i s  sugges ts  t h a t  w h i l e  t h e  number o f  
a v a i l a b l e  cues i s  im p o r t a n t  in  d i s c r i m i n a t i o n  l e a r n i n g ,  (as 
shown in  e x p e r im e n t  two where two p o s i t i v e  cues were learned 
f a s t e r  th a n  one n e g a t i v e  cue a l o n e ) ,  t h e  number o f  p o s i t i v e  
cues a v a i l a b l e  i s  a l s o  im p o r t a n t ,  as shown in  e x p e r im e n t  t h r e e .
These f i n d i n g s  a re  n o t  c o n s i s t e n t  w i t h  t h e  p o s i t i o n  taken  
by D'Amato and Jagoda t h a t  d i s c r i m i n a t i o n  l e a r n i n g  r e q u i r e d  
c h i e f l y  t h e  l e a r n i n g  o f  an avo idance  response t o  t h e  n e g a t i v e  cue,  
and t h a t  r e v e r s a l  i s  made d i f f i c u l t  because t h e  e x t i n c t i o n  o f  t h e  
avo idance  response  i s  d i f f i c u l t .  I f  t h e i r  i n t e r p r e t a t i o n  were 
th e  case ,  t h e  g roups  t r a i n e d  w i t h  s t r o n g  n e g a t i v e  cues shou ld  have 
lea rned  t h e  t r a i n i n g  t a s k  more q u i c k l y  and th e  r e v e r s a l  more 
s l o w l y  th a n  g roups  t r a i n e d  w i t h  p o s i t i v e  cues .  S ince  approach was 
more e a s i l y  le a rn e d ,  t h e  i n d i c a t i o n  i s  t h a t  a n im a ls  le a rn  t o  
approach p o s i t i v e  cues in  a d i s c r i m i n a t i o n  t a s k .  The la c k  o f  
n e g a t i v e  t r a n s f e r  f o r  t h e  LS- g roups  in  r e v e r s a l  i n d i c a t e s  t h a t  
e x t i n c t i o n  o f  t h e  avo idance  response e i t h e r  was no t  d i f f i c u l t  o r  
was o v e r r i d d e n  by t h e  approach te n d e n c ie s  t o  t h e  cues .  The 
n e g a t i v e  t r a n s f e r  o f  th e  LS+ groups in  r e v e r s a l  i n d i c a t e s  t h a t  
e i t h e r  t h e  e x t i n c t i o n  o f  t h e  approach response o r  th e  a c q u i s i t i o n  
o f  th e  avo idan ce  response was d i f f i c u l t .  These r e s u l t s  sugges t  
t h a t  d i s c r i m i n a t i o n  l e a r n i n g  r e q u i r e s  th e  l e a r n i n g  o f  approach 
responses t o  t h e  c o r r e c t  s t i m u l u s ,  and t h a t  r e v e r s a l  l e a r n in g  
r e q u i r e s  t h e  e x t i n c t i o n  o f  t h i s  approach response .
The r e s u l t s  o f  t h i s  s tu d y  i n d i c a t e  t h a t  in c rea s ed  p r o b a b i l i t y  
o f  a t t e n d i n g  t o  a r e l e v  a n t  d im ens ion  f a c i l i t a t e s  t h e  le a r n in g  o f
a d i s c r i m i n a t i o n  and s u p p o r t s  t h e  two s tage  i n t e r p r e t a t i o n  
d i s c r i m i n a t i o n  l e a r n i n g .  These s t u d i e s  a l s o  show t h a t  t h e  
lea rned  response in  a d i s c r i m i n a t i o n  s i t u a t i o n  is  p r i m a r i l y  
one o f  a p p ro ac h in g  t h e  c o r r e c t  s t i m u l u s .
APPENDIX A 
EXPERIMENT ONE
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RAW DATA
Group S_
L+
2
12
L-
3 
10
S+
5 
9
S-
6 
8
LS+
7 
11
LS-
1
4
ORIGINAL TRAINING 
T r i a l s  t o  E r r o r s  t o
C r i t e r i o n  C r i t e r i o n
71
40
24
7
80
130
35
67
500
500
500
280 149
50
40
9
14
1 1 0
150
53
62
. REVERSAL 
T r i a l s  t o  E r r o r s  t o  
C r i t e r i o n  C r i t e r i o n
150
160
72
76
120
240
56
155
140
160
61
64
160
230
81
134
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ANALYSIS OF VAR I ANCE SUMMARY TABLE
TRIALS TO CRITERION FOR ORIGINAL TRAINlING
Source SS d f MS F
Cue number 1 12.5 1 112.5 .176
Cue v a lu e 9112.5 1 9112.5 14.294
Cue number 
Cue val
X
I ue 612 .5 1 612 .5 .961
E r r o r 2550.0 4 637 .0
T o ta l 12387.5 7
Source
ANALYSIS OF 
TRIALS TO
SS
VARIANCE
CRITERION
df
SUMMARY TABLE 
FOR REVERSAL
MS F
Cue number 12.5 1 12.5 .005
Cue V a 1ue 2112.5 1 2112.5 .914
Cue number x 
cue v a 1ue 1 12.5 1 112.5 .049
E r r o r 9250 .0 4 2312.5
T o ta l  11487.5 7
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APPENDIX B 
EXPERIMENT TWO
RAW DATA
Group S.
13
15
27
34
14
23
29
32
17
20
30
33
22
24
25
35
LS+
16
18
28
31
LS-
19
21
26
36
ORIGINAL TRAINING 
T r i a l s  t o  E r r o r s  t o
C r i t e r  ion Cr i t e r i  on
REVERSAL 
T r i a l s  t o  
Cr  i t e r i  on
1 0 . 1 110
50 13 200
30 9 390
80 37 ' 220
260 130 280
270 138 270
120 53 160
190 73 240
10 1 >390
130 52 >270
10 0 >290
160 76 >160
>400
>400
>300
>300
10
50
20
20
1
14
19
3
110
160
190
90
130 45 140
150 68 210
140 65 120
100 . 42 70
E r r o r s  t o  
Cr i t e r  i on
48 
92 
209 
1 18
143
177
89
151
42 
88 
85
43
79
127
55
31
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. . 'ANALYSIS OF VARIANCE SUMMARY TABLE
TRIALS TO CRITERION FOR ORIGINAL TRAINING
Source SS d f  MS F
Cue number 9506.25 1 9506.25 5.828
Cue v a lu e 74256.25 1 74256.25 45.521
Cue number x 
cue v a lu e 3906.25 1 3906.25 2.395
E r r o r 19575.0 12 1631.25
To ta  1 107243.75 15
ANALYSIIS OF VARIANCE SUMMARY TABLE
TRIALS TO CRITERION FOR REVERSAL
Source SS df Ms F
Cue number 50629.23 1 50629.23 6 .886
Cue v a lu e 1224.23 1 1224.23 .185
Cue v a lu e  x 
cue number 1595.77 1 1595.77 '.242
E r r o r 79250.0 12 6604.167
T o ta l  132699.23 15
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ANALYSIS OF VARIANCE SUMMARY TABLE
TRIALS TO CRITERION.OVER TRAINING AND REVERSAL
Source SS d f  MS F
Between s u b j e c t s 170871.875 15 11391.0
Cue number 50403.125 1 50403.25 8 .654
Cue v a 1ue 45783.125 1 45783.125 7 .853
Cue number x 
cue v a 1ue 4723.125 1 4723.125 .810
S u b je c ts  w i t h i n  
g roups 69962.5 12 5830.208
W i t h i n  s u b j e c t s 127050.0 16
Task 63903.125 1 63903.125 29.651
Cue number x 
Task 7503.125 1 7503.125 3.481
Cue v a lu e  x 
Task 29373.125 1 29373.125 13.629
Cue number x 
cue v a 1ue x 
Task 358.125 1 358.125 . 166
E r r o r 25862.5 12 2155.208
To ta  I 297921.871 31
Source
SUMMARY TABLE FOR SIMPLE MAIN EFFECTS
SS d f  MS F
Between Tasks
f o r  p o s i t i v e  96468.75 1 96468.75
cues
Between Tasks
f o r  n e g a t i v e  3306.25 1 3306.25
cues
E r r o r  (1 )  2155.208 12 5830.208
Between cue
v a lu e s  in  74256.25 1 74256.25
t r a  i n i ng
Between cue
v a lu e s  in  900 .0  1 900 .0
r e v e r s a l
E r r o r  (2 )  12 3992.708
16.546
.567
18.598
.255
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APPENDIX C 
EXPERIMENT THREE
53
r  i +<
85
97
50
88
87
94
50
47
63
73
85
125
77
34
134
109
76
62
39
147
RAW DATA
ORIGINAL TRAINING REVERSAL
T r i a l s  t o  E r r o r  t o  T r i a l s  t o
C r i t e r i o n  C r i t e r i o n  C r i t e r i o n
30 9 180
40 15 200
20 9 140
50 19 190
30 9 190
160 66 130
80 37 90
70 23 90
130 56 90
110 56 160
40 8 180
110 40 . 2 3 0
60 23 160
90 32 70
80 32 280
80 32 210
30 10 150
70 20 100
20 6 . 90
120 50 290
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ANALYSIS OF VARIANCE SUMMARY TABLES
TRIALS TO CRITERION IN ORIGINAL TRAINING 
Source SS d f  MS F
L i g h t  cue v a lu e 5120.0 1 5120.0 5 .333
Sound cue val  ue 9680.0 1 9680.0 10.083
L i g h t  cue v a lu e  
sound cue va1 1
X
ue 20 .0 1 20 .0 .021
E r r o r 15360.00 16 960 .0
T o t a l 30180.0 14
TRIALS TO CR I TER I ON FOR REVERSAL
Source SS d f MS F
L i g h t  cue v a lu e 8820.0 1 8820.0 2 .40
Sound cue v a Iu e 3379.99 1 3379.99 .918
L i g h t  cue v a Iue  
sound cue va l
X
ue 4500.0 1 4500.0 1.22
E r r o r 58880.0 16 3680.0
To ta  I 75580.0 19
NUMBER OF POSIT IVE CUES
Source SS df MS F
Number o f  p o s i t i v e
cues 14460.0 2 7230.0 7 .819
E r r o r 15720.0 17 924.706
T o t a l  30180.0  19
5$
ANALYSIS OF VARIANCE SUMMARY TABLE
TRIALS TO CRII TER I ON OVER TRAINING AND REVERSAL
Source SS df MS F
Between s u b j e c t s 54960 19
Sound cue 
p o s i t i o n 250 1 • ' 2 5 0 .077
L i g h t  cue 
I o c a t i o n 1960 1 1960 .604
Sound cue 
p o s i t i o n  x 
I i  g h t  cue v a Iu e 810 1 810 .249
S u b je c ts  w i t h i n  
g roups 51940 16 3246.25
W i t h i n  s u b j e c t s  131800 20
Task 81000 1 81000 58.117
Sound cue 
l o c a t i o n  x 
t a s k 4270 1 4270 3.042
L i g h t  cue 
v a Iu e  x 
t a s k 1 1980 1 1 1980 8.595
Sound cue 
l o c a t i o n  x 
1i g h t  cue v a 1ue 
x t a s k 12250 1 12250 8 .789
E r r o r 22300 16 1393.75
T o t a l  186760 39
5 6
SUMMARY TABLE FOR SIMPLE MAIN EFFECTS 
Source SS d f  MS F
Task a t  I I g h t
p o s i t i v e  80645
Task a t  I i  g h t
n e g a t i v e  14045
E r r o r
L i g h t  cue v a lu e  5120
in  t r a  i n i ng
L i g h t  cue v a lu e  
in  r e v e r s a l  8820
E r r o r
Task x  I i  g h t  cue 
v a lu e  w i t h  cues 
re dun dan t  23355
Task a t “ redundan t  
p o s i t i v e  cues 53290
Task a t  redundan t  
n e g a t i v e  cues 10
E r r o r
1 80645 57
1 14045 10
16 1393.75
1 5120 2
1 8820 3
16 2320
1 23355 16
1 53290 38
1 10
16' 1393.75
862
007
207
802
757
235
007
5^
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